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¹ Fish length (in mm) and weight (in g) are rounded to the nearest whole number.
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PREFACE

This book is about the natural history of fishes in Eastern Washington.
It is published in four volumes, each approximately 400–600 pages
in length. Volume I contains chapters 1-5. Chapter 1 covers information about taxonomy and how the data on life history of fishes presented in this monograph were collected. Chapter 2 provides checklists of both extant (living) species and extinct (fossil) fishes found
in eastern Washington. Chapter 3 covers the history of the fisheries
exploration in eastern Washington and provides information about
the biologists who gave scientific names to each species of fish or
discovered the mechanisms of salmon migration. Chapter 4 covers information about the geologic history of eastern Washington
and the fossil fishes found there. It also provides information about
the relationship between ground water (aquifers) and surface water
(lakes and streams) in eastern Washington. Chapter 5 provides an
overview what is known about the distribution and stock status of
fishes in each mainstem reservoir of the Columbia and Snake rivers,
and in each eastern Washington tributary of the Columbia and Snake
rivers. A list of acronyms is provided after the Table of Contents, a
List of Tables and a List of Figures for Volume I.
Volume II contains Chapters 6-13. Chapter 6 provides a key to the families of fishes that inhabit eastern Washington. Chapter 7 covers the Family
Petromyzontidae (lampreys). Chapter 8 covers the Family Acipenseridae
(sturgeon). Chapter 9 covers the Family Clupeidae (herrings). Chapter 10
covers the Family Cyprinidae (carps and minnows). Chapter 11 covers the
Family Catostomidae (suckers). Chapter 12 covers the Family Ictaluridae
(catfishes). Chapter 13 covers the Family Escocidae (pikes).
Volume III contains Chapters 14-17 on the Family Salmonidae
(salmon, trout, charr, whitefish and grayling). Chapter 14 covers
general information about the Family Salmonidae. Chapter 15 covers the Family Salmonidae, Subfamily Coregoninae (whitefishes).
Chapter 16 covers the Family Salmonidae, Subfamily Salmoninae
(salmon, trout and charr). Chapter 17 covers the Family Salmonidae:
Subfamily Thymallinae (grayling). One volume is devoted entirely

to salmonid fishes because the salmonids of the Columbia River
Basin are the most intensively studied fishes in the world.
Volume IV contains Chapter 6 (an updated version) andChapters 18-26. Chapter 18 covers the Family Percopsidae (troutperches). Chapter 18 covers the Family Gadidae (cods). Chapter 20
covers the Family Poeciliidae (livebearers). Chapter 21 covers the
Family Gasterosteidae (sticklebacks). Chapter 22 covers the Family
Cottidae (sculpins). Chapter 22 covers the Family Centrarchidae
(sunfishes). Chapter 24 covers the Family Percidae (perch). Chapter
25 discusses species that are rare or with uncertain status. Chapter
26 describes the history of limnological exploration of eastern
Washington. Volume IV also contains a literature cited sectionthat is approximately 350 pages in length-of all the references
cited in each volume. Two appendices are included in volume IV.
Appendix I provides definitions of terms used in fish identification.
Appendix II was prepared by my colleagues Dr. Flash Gibson and
Dr. Bruce Z. Lang. It compiles information about identification and
life history of all the invertebrate organisms that have been found in
the diet of eastern Washington fishes.
At this time Volumes I, II and III are done and Volume IV is
complete in draft form. I anticipate the remaining volume will appear by December 2013.
I started writing this book 12 years ago. I have been steadily
and patiently collecting the data contained in these volumes for the
past 34 years. I received help along the way from numerous Eastern
Washington University graduate and undergraduate students, and
from many biologists working for federal, state and tribal fisheries
and natural resource agencies (many of whom are listed individually in the acknowledgements). I am indebted to these individuals
for making this book possible.
Allan T. Scholz
Cheney, Washington
21 August 2013
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CHAPTER 14
Family Salmonidae: Salmon, Trout, Charr, Whitefish and Graylings

BIOGEOGRAPHY, SYSTEMATICS,
AND EVOLUTION
The Family Salmonidae, in the Order Salmoniformes, is composed of freshwater and anadromous fishes distributed across
the northern hemisphere (Nelson 1984; Behnke 1979, 1992, 2002).
Anadromous fish are born in freshwater, migrate to foraging areas in the ocean, then back into freshwater (usually back to their
parent stream) to reproduce. Behnke (1979, 1992, 2003), Smith
and Stearley (1989), and Stearley and Smith (1993) have reviewed
various aspects of the complicated taxonomy of salmonid fishes.
Salmonids prefer habitats with cold water and plenty of oxygen.
Salmonids are considered to be primitive (ancestral) bony
fishes because they have physostomous swim bladders, cycloid
scales, a single (soft-rayed) dorsal fin, and pectoral and pelvic fins
separated by a long distance on the belly. Their pelvic fins are in
the abdominal position. They are distinguished from many other
families of primitive fishes, like Cyprinidae and Catostomidae, by
the presence of an adipose fin, an axillary process on their pelvic
fins and, usually, teeth in their jaws, and on the roof and floor of
the mouth. Their bodies are fusiform, the shape that best reduces
energy expenditure while swimming.
Salmonids are noted for their long distance, energetically taxing migrations, and reproductive homing. For example, some
Chinook salmon in the Gulf of Alaska historically traveled about
4,300 km (2,700 mi) to spawn at their birthplace in the headwaters of the Columbia River, British Columbia. This migration encompassed about 1,500 mi (2,400 km) in the ocean and 1,200 mi
(1,900 km) in the Columbia River over two falls (Celilo and Kettle
falls) and 59 major rapids.
The Family Salmonidae is subdivided into three subfamilies: Coregoninae (whitefishes), Salmoninae (salmon, trout, and
charr), and Thymallinae (grayling). Members of all three subfami-

lies are characterized by the presence of: 1) an adipose fin, and
2) an axillary process at the anterior base of the pelvic fins. The
Salmoninae have small scales (> 110 in a row along the lateral line),
large upper jaws, teeth on the maxillary bone, and a short dorsal
fin (≤ 16 rays). The Coregoninae and Thymallinae both have large
scales (fewer than 110 in the lateral line row). The two subfamilies
are differentiated by the size of the dorsal fin and the presence/
absence of teeth on their maxillary bone. The Coregoninae have
relatively short dorsal fins (≤ 15 rays) and no teeth in the maxillaries. The Thymallinae have long, sail-like dorsal fins (≥ 16 rays) and
teeth in their maxillaries.
Three species of Coregoninae occur in eastern Washington.
The lake whitefish Coregonus clupeaformis is characterized by two
narial flaps between the anterior and posterior nares, relatively
long, numerous (19–37, usual > 22) gill rakers, and a concave nape
(Figure 14.1a). The mountain whitefish Prosopium williamsoni is
characterized by one narial flap between the anterior and posterior nares, shorter, less numerous (9–25, usually ≤ 22) gill rakers,
71–110 lateral line scales and a convex nape (Figure 14.1b). The
pygmy whitefish Prosopium coulteri is characterized by one narial
flap, shorter, less numerous (9–25, usually ≤ 22) gill rakers, ≤ 70
lateral line scales, and blunt snout (Figure 14.1c). The mountain
and pygmy whitefish are native to the northern Rockies and Pacific
Northwest. The lake whitefish, native to the Great Lakes region,
was introduced at several locations in eastern Washington, north
Idaho, and western Montana by federal and state fisheries agencies.
The Subfamily Salmoninae in eastern Washington is comprised of 3 genera: Oncorhynchus (Pacific salmon and trout),
Salmo (Atlantic salmon and trout), and Salvelinus (charr).
Members of the Subfamily Salmoninae are subdivided into genera
by color pattern. Oncorhynchus and Salmo have black spots on
a light background whereas Salvelinus has light colored spots on
a dark background. Additionally, the vomer (a bone in the cen-
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Figure 14.1

Subfamily Coregoninae. A) Lake whitefish Coregonus clupeaformis is characterized by two narial flaps, long gill rakers,
and concave nape; B) Mountain whitefish Prosopium williamsoni is characterized by one narial flap, short gill rakers, and
convex nape; C) Pygmy whitefish, Prosopium coulteri is characterized by one narial flap and blunt snout. Original drawings by Carolyn Connelly, color enhancement by Judy McMillan, EWU University Graphics.

ter of the roof of the mouth) of Oncorhynchus and Salmo bears
teeth along the entire length whereas in Salvelinus the teeth are
restricted to the anterior end.
Oncorhynchus species and Salmo species overlap in morphological features, in counts of most meristic characters, and measurements of morphometric characters. The two genera are distinguished
primarily by distinctive bones (Regan 1914; Stearley and Smith
1991). One external difference that separates the two groups is that
Oncorhynchus species have spots that are either irregular or round
in outline. Salmo species have spots that are often × or + shaped, in
addition to round spots, and their spots are often surrounded by pale
haloes. Salmo also often possess maroon, red or orange spots in addition to black spots while Oncorhynchus has black spots only.
912

Members of the genus Oncorhynchus can be separated into
Pacific salmon (subgenus Oncorhynchus) and Pacific trout (subgenus Rhabdofario for rainbow trout and Paraoncorhynchus for cutthroat trout) based on distinctive traits. In Pacific salmon, including pink, chum, coho, sockeye/kokanee, and Chinook salmon, the
anal fin has 13 or more rays (its width is greater than its height), the
interior of the mouth is black, and a kype (hooked snout) develops
on the upper jaw of spawning males. In Pacific trout, including
rainbow and cutthroat trout series, the anal fin has 12 or fewer rays
(its width is about the same as its height), the interior of the mouth
is white, and the spawning kype develops on the lower jaw. Atlantic
salmon and trout share these traits with the Pacific trout, so for
many years (until 1991) the Pacific trout were classified in the genus
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Salmo (Jordan and Evermann 1896–1900; Jordan et al. 1930; Chute
et al. 1948; Bailey et al. 1960, 1970; Robins et al. 1980) until Stearley
and Smith (1993) placed them with the Pacific salmon. Stearley and
Smith conducted a cladistic analysis based on 119 morphological
and meristic characters. They found that when a large number of
characters were compared, the Pacific trout were more similar to
Pacific salmon than they were to Atlantic salmon or trout. Also,
molecular genetics investigations determined that the allozymes
and mtDNA of Pacific trout had diverged less from that of Pacific
salmon than that of Atlantic salmon and trout (Okazaki 1984; Berg
and Ferris 1984; Thomas et al. 1986; McVeigh and Davidson 1999;
Osinov and Labedev 2000)).
There are five species of Pacific salmon (Oncorhynchus), including pink O. gorbuscha, chum O. keta, coho O. kisutch, sockeye
(kokanee) O. nerka and Chinook O. tshawytscha (Figure 14.2) that
occurred in the Pacific Northwest. Coho, sockeye and Chinook
salmon occur in both eastern and western Washington, whereas
pink and chum salmon are usually confined to coastal drainages.
However, both of the latter species occasionally migrate up the
Columbia River and ascend above Bonneville Dam. Pacific salmon
almost invariably exhibit an anadromous life history although
some populations of sockeye, called kokanee (Oncorhynchus nerka
var. kennerlyi), are land-locked for their entire lives. Kokanee make
adfluvial migrations between their home tributary and a nursery
lake where they forage and grow to maturity before returning to
spawn in their home tributary.
The Pacific salmon are distinguished by the presence or absence
of spots on the back and sides (Figure 14.2). Two species (chum and
sockeye/kokanee) have no or few spots, and are further separated
by gill raker counts: 16–26 in chum salmon and 28–44 in sockeye/
kokanee salmon. Spawning males of these two species are easily
identified because chum usually lack humps and their coloration
resembles streaky paint. Spawning sockeye/kokanee usually have a
hump in front of their dorsal fin and their color is uniformly bright
orange or red above and below the lateral line. Three species (pink,
coho and Chinook) have numerous spots and are further separated
by the details of the spot pattern and other characters. Pink salmon
have large, oblong black spots on the back and sides above the lateral
line and in linear arrays on both lobes of the caudal fin. They also
have 24–35 gill rakers on the first gill arch. Spawning males have a
pronounced hump in front of the dorsal fin and their sides are tinted
in a dull rosy blush.
Coho salmon have a few spots on the dorsal and posterior margins of their caudal fins. They have 18–25 gill rakers. Their tongue
and gums are black, but flesh along the gumline of the teeth is lighter
colored. Spawning males do not develop a hump, and have bright
pink to dull red color on the sides of the body below the lateral line.
Chinook salmon have medium-sized, irregular shaped spots on the
back and side above the lateral line and on both lobes of the caudal fin.
Those on the caudal fin are distributed randomly (not in linear arrays).
Chinook salmon have 16–26 gill rakers. The interior of their mouth
is uniformly black. Spawning males do not develop a hump and have
purple-black spawning coloration.
The Pacific trout are separated into cutthroat and rainbow series based on 1) the presence or absence of basibranchial teeth on
the hyoid bone, located at the base of the tongue on the floor of the
pharynx between the gill arches, and 2) presence or absence of yellow, orange or red slash marks in the membranous folds beneath
the lower jaw. Cutthroat have both traits, rainbow usually don’t.

However, some populations of interior (redband) rainbow trout
O. mykiss gairdneri in northeastern Washington, particularly in
the Spokane River and Upper Crab Creek drainages, may possess
vestigial basibranchial teeth and rudimentary cutthroat marks.
Coastal cutthroat O. clarkii clarkii, westslope cutthroat O. clarkii
lewisi, Yellowstone cutthroat O. clarkii bouveri, and Lahontan cutthroat
O. clarkii henshawi, form the cutthroat trout series (Figure 14.3). Coastal
and Lahontan cutthroat trout have spots on the top of the head. Spots
are also more or less evenly distributed over the sides of their bodies and
caudal fin above and below the lateral line. Coastal cutthroat trout usually
have numerous spots all over the body and 17–19 gill rakers (range 15–21)
on the first gill arch. Lahontan cutthroat have few, medium-sized spots,
round in outline, none on the anal fin. They usually have 23–26 gill rakers
(range 21–28) on the first gill arch. Westslope and Yellowstone cutthroat
trout have spots unequally distributed over the sides of the body and caudal fin. Both species have more black spots on the posterior as compared
to the anterior of the body. On the anterior of the body, both species have
a few black spots above the lateral line. A few black spots are also present below the lateral line in Yellowstone cutthroat trout but absent (or
nearly so) in the westslope cutthroat trout. Black spots are present above
and below the lateral line on the caudal peduncle in both westslope and
Yellowstone cutthroat. Also, the spots on the westslope variety are irregular in outline whereas those on the Yellowstone variety are rounded
or oval. Additionally, although both varieties have a similar number of
gill rakers on the first gill arch (range = 17–21 in westslope and 17–23
in Yellowstone), the number usually present is different between them
(18–19 in westslope and 20–22 in Yellowstone). The number of posterior
gill rakers on the first arch also varies between the two varieties (5–15,
well developed, in westslope and 0–3, weakly developed, in Yellowstone).
Coastal and westslope cutthroat are indigenous to Washington.
The coastal variety generally occurs in the Puget Sound and Olympic
Peninsula west of the Cascade Mountains. In the Columbia Basin
they are confined to tributaries below Bonneville Dam. The westslope variety occurs east of the Cascade mountain range. Westslope
cutthroat trout range across the Continental Divide in the mainstem and tributaries of the Upper Missouri River. They were first
recorded from below the Great Falls of the Missouri by Captain
Meriwether Lewis in a journal entry of June 13, 1805. In 1853, Dr.
George Suckley collected another specimen there and attached the
scientific name Salar lewisi (Suckley 1856). Suckley (1856) noted that
the specimens he collected in the Upper Missouri were identical to
specimens that he had previously collected from the Pend Oreille/
Clark Fork/Flathead/Bitterroot river drainages (Upper Columbia
River Basin) in western Montana, Idaho Panhandle and northeastern Washington. The common name of the latter populations
came to be called “westslope” cutthroat trout because they were
found west of the Continental Divide. This name clearly does not
adequately capture the original distribution of the subspecies both
east and west of the Divide. WDFW fisheries biologist Don Earnest
suggested that the name ‘intermontane cutthroat trout’ was more
descriptive as it occurs from the east side of the Cascades to the east
side of the Rockies (Crawford 1979).I believe that Ernest’s suggestion
is a more appropriate common name for this species. Interestingly,
the cutthroat trout of the Upper Missouri River Basin are genetically
more similar to the cutthroat of the Upper Columbia Basin than
they are to the cutthroat of the Yellowstone River, a major Missouri
tributary (Behnke 2002). Yellowstone cutthroat trout, native to
Yellowstone Lake, Wyoming , Henry’s Lake, Idaho, and Waha Lake,
Idaho, were widely introduced in eastern Washington and north-
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Pacific salmon Oncorhynchus (Oncorhynchus) fresh from the ocean. A) Pink salmon O. gorbuscha with black marks and
long oblong black spots on tail; B) Chum salmon O. keta no spots on tail; C) Coho salmon O. kisutch with white gums and
black jaws and tongue and a few spots confined to dorsal caudal fin; D) Sockeye O. nerka with uniformly dark jaws, gums
and tongue and no or few spots on tail; E) Chinook salmon O. tshawytscha with uniformly black jaws, gums and tongue
and medium-sized spots (in linear arrays) on tail. Images for figures A–E courtesy of the WDFW;
Figure 14.2 continued on next page.
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Figure 14.2 continued F) Chinook salmon in spawning coloration; G) and Sockeye (kokanee) salmon (spawning coloration) from
Lake Roosevelt..
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Subspecies cutthroat trout. Oncorhynchus clarkii. A) Coastal cutthroat O. c. clarkii; B) Westslope cutthroat O. c. lewisi; C)
Yellowstone cutthroat O. c. bouveri; and D) Lahontan cutthroat O. c. henshawi.
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ern Idaho between 1892 and 1940, often under the common name
Montana blackspotted trout.
Lahontan cutthroat trout, native to the Lahontan and Truckee
River Basins of California and Nevada, evolved to become adapted
to highly alkaline waters. They have been introduced in many alkaline lakes in eastern Washington. Coastal cutthroat trout may
exhibit anadromous, adfluvial or stream resident life history strategies. Westslope cutthroat trout usually do not migrate to saltwater,
but many; 1) migrate from a home tributary into a larger river to
forage before returning home to spawn (fluvial life history), or 2)
migrate from a home tributary into a lake to forage before returning home to spawn (adfluvial life history), or 3) forage and spawn
in the same home tributary (resident life history). Yellowstone cutthroat and Lahontan cutthroat are usually adfluvial.
Coastal rainbow/steelhead O. mykiss irideus, interior (redband)
rainbow/steelhead O. mykiss gairdneri, and golden trout O. mykiss
aguabonita form the rainbow series (Figure 14.4). The morphological, morphometric, and meristic characters of golden trout overlap
almost completely with interior (redband) rainbow/steelhead trout
and they can successfully hybridize with them. Until 2004, golden
trout were classified as a distinct species, Oncorhynchus aguabonita, from rainbow trout. Behnke (1992, 2002) and Stearley and
Smith (1993) suggested that golden trout might be better classified
as a subspecies of rainbow trout Oncorhynchus mykiss aguabonita.
In 2004, the AFS Committee for Names of Fishes abandoned O.
aguabonita as a valid scientific name, but did not recognize the
subspecies. I agree with Behnke, and Stearley and Smith, that the
golden trout is properly classified as a subspecies aguabonita of O.
mykiss. The primary feature distinguishing golden trout from most
rainbow trout was brilliant yellow, copper, or golden hues on the
side of the body and orange or red hues on the belly.
The coastal variety of rainbow trout has rounded parr marks
in the row along the lateral line. Supplementary rows above and
below this main row are absent or faint. The interior (or redband)
variety of rainbow trout has elliptical parr marks in the row along
the lateral line and supplementary rows above and below this main
row. Coastal rainbow usually have 125–127 (range 111–143) scales in
the lateral row compared to 135–160 (range 131–170) in the redband
trout. Coastal rainbow usually have weakly developed teeth on the
tongue while those of redband trout are well developed. Coastal
rainbow trout lack basibranchial teeth and cutthroat markings, but
interior redband rainbow may have vestigial basibranchial teeth
and faint cutthroat marks. Tips of dorsal, anal, and pelvic fins are
not pigmented in coastal rainbow trout, but are white, yellow, or
orange in redband trout.
The interior or redband rainbow/steelhead trout were indigenous to the Columbia River Basin of eastern Washington above
Celilo Falls. Some strains (called redband steelhead) had an anadromous life cycle and grew to large size in the ocean; others were
non-anadromous (called redband rainbow trout) that did not migrate to the sea and grew to smaller sizes. The non-anadromous
redband rainbow exhibited several life history strategies: fluvial,
adfluvial, or resident. Those that make round trip adfluvial migrations from tributary streams into lakes often attain large size because they fed on small fishes (especially kokanee) in the lakes. The
Kamloops trout is a large adfluvial life history variant of redband
rainbow trout that resembles the redband steelhead (Figure 14.4g).
The coastal rainbow was indigenous to the lower Columbia
River below Celilo Falls and in coastal rivers from California

to British Columbia. Most strains of rainbow trout at hatcheries throughout the United States, including those of the WDFW
hatchery in Spokane, were derived from a stock of primarily (95%)
coastal steelhead O. mykiss irideus but with some (5%) Sacramento
River California redband rainbow (O. mykiss stonei) mixed in obtained from the McCloud River, California (Crawford 1979). These
rainbow have been widely stocked throughout most of eastern
Washington. At the present time they greatly outnumber the native
redband trout because they have been stocked in many lowland
lakes that did not have native trout populations.
Many lowland lakes throughout eastern Washington counties originally contained only native minnows and suckers or were devoid of fish.
Initially, these lakes were stocked with warm water sportfishes such as
largemouth bass, black crappie, pumpkinseed, bluegill and yellow perch.
Some of these lakes were managed as warm water sport fisheries. Others also received annual plants of kokanee, rainbow or cutthroat trout and were managed as mixed species waters. Because
anglers preferred catching salmonids over warm water species, the
WDFW, commencing in 1938, began treating many of the mixed
species waters with rotenone.
Rotenone is a poison made from the pulverized roots of tropical
rainforest plants. It was the invention of South American Indians
who used it for fishing. Rotenone is a metabolic poison that works
like cyanide by blocking transfer of electrons to oxygen in the
electron transport chain, thereby shutting down ATP production.
Emulsified rotenone powder in water is first picked up by the gills
of the fish during respiration and kills the cells in the gills, causing
the fish to suffocate before it absorbs any rotenone into its muscle.
Rotenone treatment, called “rehabilitation”, was followed by stocking desired salmonids. Good growth of salmonids occurred for several years after rehabilitation, then gradually became reduced after
warm water fishes re-invaded the lakes (either by illegal stocking or
because an incomplete kill was achieved). Thus, lakes began to be
rehabilitated on schedules at intervals of about six years (range 2–14
years). A history of WDFW’s rotenone rehabilitation program was
compiled by Bradbury (1986). Rainbow trout became the preferred
fish for stocking because they were easier to raise than cutthroat
trout or kokanee and consequently cost less to produce. Many of
the fish used for this program were offspring of WDFW Spokane
Hatchery broodstock raised at either Spokane or Ford hatcheries.
Golden trout, native to the Sacramento River Basin of
California, were introduced to Washington in 1959 (Crawford
1979). Most were stocked in shallow, alpine lakes on both slopes
of the Cascade Mountains. They have been stocked intermittently
since 1959 whenever WDFW could obtain them from sources in
California or Wyoming.
Atlantic salmon Salmo salar overlap with brown trout Salmo
trutta in most morphological, morphometric and meristic traits
(Figure 14.5). Atlantic salmon have a narrow, streamlined caudal
peduncle. Brown trout have a thicker, stouter caudal peduncle.
The caudal fin of Atlantic salmon is slightly v-shaped or emarginate. The caudal fin of brown trout is truncate (square). The body
of Atlantic salmon is tinted in hues of silvery blue or blue-green,
sometimes with maroon spots, whereas the body of brown trout is
tinted in hues of yellow or brown, although ocean or lake-dwelling
individuals of both species may be predominately silver owing to
subcutaneous deposition of guanine. Brown trout often have a few
orange or red spots. Some of the black spots in both species are ×
or + -shaped and may be surrounded by pale haloes.
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Rainbow trout Oncorhynchus
(Rhabdofario) mykiss; A)
Golden trout O. m. aguabonita
from a lake in Okanogan Co.;
B) Interior (redband) rainbow
trout O.m. gairdneri from
California Creek (Spokane
River Drainage); C) Coastal
rainbow trout O. m. irideus;
D) Close-up of white mouth;
E) Small to medium spots (in
linear arrays) on tail of this
species;

E
Figure 14.4 continued on next page.
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Figure 14.4 continued F) Spokane hatchery coastal rainbow, Lake Roosevelt; G) Interior (red band) Kamloops rainbow trout,
Boundary Reservoir, Pend Oreille River.
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Genus Salmo. A) Atlantic salmon S. salar; B) Brown trout S. trutta; C) Tiger trout (hybrid) = S. trutta × Salvelinus fontinalis; D) Brown trout male with spawning kype on lower jaw. Colors are typical of stream-dwelling brown trout (picture was
from Spokane River below Little Falls Dam).
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Both Atlantic salmon and brown trout were introduced into
several lakes, rivers, and reservoirs in eastern Washington either to
enhance sport fisheries or for commercial net pen operations. Two
varieties of brown trout were imported from Europe into the United
States by the USFC in the late 1800s: the German brown trout (Salmo
trutta var. fario) from Germany and the Loch Leven brown trout
(Salmo trutta var. laevensis) from Scotland. Both varieties have been
stocked in eastern Washington at numerous locations. Fisheries
agencies also interbred German brown trout and Loch Leven brown
trout until they could no longer be distinguished.
Four species of charr, bull trout Salvelinus confluentus, brook
trout Salvelinus fontinalis, Dolly varden trout, Salvelinus malma,
and lake trout Salvelinus namaycush, occur in Washington
(Figure 14.6). Among Salvelinus, brook trout are distinguished by
vermiculations (conspicuous wavy markings) on the back. Their
pectoral, pelvic and anal fins have white leading edges, with a contrasting black bar interior to the white fin margin that is distinctive
and striking. They often contain light colored spots in hues of red,
orange, yellow, in haloes of white and pale blue (Figure 14.6b).
Bull trout lack vermiculations on the back. Their pectoral, pelvic, and anal fins have a white leading edge, but they lack the interior
black bar. They have white, creamy yellow, orange and/or red spots.
Their caudal fin is not deeply forked (i.e., the shortest caudal ray
is greater than half the length of the longest caudal ray) (Figure
14.6a).
Dolly varden are virtually identical to bull trout in external
appearance. Both species were classified together under the common name Dolly Varden and scientific name Salvelinus malma
until Cavender (1978) determined that their cranial bones were
different. Later, additional morphological and genetic analysis
confirmed that bull trout and Dolly Varden were two distinct species (Morton 1980; Haas 1988; Haas and McPhail 1991; Crane et al.
1994; Leary and Allendorf 1997; Baxter et al. 1997). The single best
external characteristic used to distinguish between the two species is the number of branchiostegal rays. The mean number (and
range) of branchiostegal rays was 27 (26–31) in bull trout (95% of
specimens examined had 26–28) compared to 22 (17–23) in Dolly
Varden (Haas and McPhail 1991).
Lake trout Salvelinus namaycush lack vermiculations on the
back. Their pectoral, pelvic, and anal fins have a colorless or faint
(transparent) white leading edge and no interior black bar. Their
bodies are covered by irregular sized light (white) spots. They
have a deeply forked caudal fin (i.e., the shortest ray is less than
half the length of the longest ray) (Figure 14.6c).
The bull trout is indigenous to the interior waters of the upper Columbia and Snake River Basins and closely resembles the
Dolly Varden trout. Both species occurred in the coastal drainages
of western Washington and lower Columbia River, but usually only
the bull trout occurred above Celilo Falls (now The Dalles Dam).
Brook trout and Lake trout were both introduced into eastern
Washington. Brook trout were transported from the East Coast
by the United States Fish Commission’s (USFC’s) fleet of aquarium
railroad cars. After arriving at destinations in the western states,
the fish were off-loaded into metal milk containers on buckboard
wagons for transport to stocking sites. Others were carried by
pack mule trains to the headwaters of National Forest streams. It
was hoped that fish distributed by this type of “headwater seeding” would disperse throughout the tributary. Thus, brook trout
came to be widely distributed throughout the National Forests in

eastern Washington and north Idaho where they competed with
westslope cutthroat trout and bull trout for food and habitat. Lake
trout, from the Great Lakes region, were introduced into a limited
number of lakes in eastern Washington and north Idaho by federal and state fisheries agencies in both states.
The Subfamily Thymallinae, is comprised of one species that
occurs in North America, the Arctic grayling, Thymallus arcticus (Figure 14.7). It is characterized by a long sail-like, dorsal fin
with ≥16 rays, and relatively large scales in comparison to the
Salmoninae. The number of scales in the lateral line row varies
from 54–97 in the Coregoninae, 70–103 in the Thymallinae, and
105–229 in the Salmoninae.
Arctic grayling have a holarctic distribution above 60°N latitude. Disjunct populations occurred in Montana and Michigan.
Michigan populations suffered extinction in 1936, but Montana
populations have survived to present. Arctic grayling from
Montana were introduced into several high elevation lakes in eastern Washington, but successfully established a naturally reproducing, self-sustaining population at only one location.

Life history strategies
The Family Salmoninae is characterized by a diversity of life history strategies. Myers (1949) and McDowall (1987, 1988, 1997) described salmonid migrations as being either anadromous or potamodromous. Individuals with an anadromous life history are born
in freshwater, migrate to forage in the ocean, then return to their
birth (or home) stream to reproduce.
Variations on the anadromous life history strategy include:
1.

The amount of time spent in freshwater before migrating to the ocean;

2.

The type of habitat (i.e., lake or river) utilized in
freshwater;

3.

The amount of time spent in the ocean before returning to the home stream; and

4.

The amount of time they spend in the home stream
before they spawn.

Other individuals are potamodromous and make migrations
only in freshwater. Those that migrate out of tributaries to forage in a main river and then return to their home tributary to
spawn exhibit a fluvial life history strategy. Those that migrate
out of tributaries into a lake or reservoir to forage and then return
to their home tributary to spawn exhibit an adfluvial life history
strategy. Still other individuals remain continuously within the
stream where they were born and exhibit a resident life history
strategy. Some residents, mostly small males, will spawn with
larger anadromous, fluvial, or adfluvial females. They specialize
at hovering around a mated pair of larger fish. As the larger fish
express eggs and milt, these “sneaker males” dart in and fertilize a
portion of the eggs (Gross 1985, 1987). Some of the smaller males
exhibit behaviors that resemble that of females, so they are tolerated by dominant males. What is interesting is that each of these
life history variants may occur in a single breeding population. It
is probably one of the reasons why members of the Salmoninae
are so adaptable.

A. T. Scholz

921

Chapter 14

A

B

C

D

Figure 14.6
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Species of charr, Genus Salvelinus all have light spots on dark background. A) Bull trout S. confluentus; B) Brook trout
S. fontinalis; C) Lake trout S. namaycush; Unique features of brook trout include; D) Vermiculations on back, and E)
pectoral, pelvic, and anal fins with white leading edges and contrasting interior black bar. Dolly Varden trout look like bull
trout, but is not shown because it does not occur in eastern Washington. Figure 14.6 continued on next page.

One common characteristic of all these life history variants
is that they all return to the stream of their birth to spawn. This
behavior is termed natal homing. Populations that exhibit precise natal homing to one tributary generation after generation are
called stocks. Because stocks are reproductively isolated from one
another by virtue of their precise homing, they accumulate genetic differences that can be detected by examination of the nucleotide base sequence of their DNA or the amino acid sequence
922

of their proteins. Eventually, each stock develops its own stable
genetic structure where the frequency of alleles and genotypes is
constant from generation to generation, or what geneticists call
Hardy-Weinberg equilibrium. Each stock is thus characterized
by a unique frequency of alleles and genotypes that is in HardyWeinberg equilibrium.
The reason why genotypes remain in Hardy-Weinberg equilibrium is that, when acted upon by the force of natural selection,
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F

Figure 14.6 concluded F) 889 mm (35 in.), 10.4 kg (25 lb) lake trout collected in Bead Lake, Pend Oreille County in May 2004.

Figure 14.7

Subfamily Thymallinae, Arctic grayling. Fish is shown in spawning coloration. Drawing by Carolyn Connelly. Color
ehancement by Judy McMillan, EWU University Graphics.

the phenotypic traits they control have survival value. Those individuals possessing a suite of phenotypic traits that are well
matched to their local environment conditions survive to pass
their alleles to the next generation, whereas individuals that
lack these traits do not. Thus, each stock is locally adapted to
its home river.
Because natural selection is responsible for the genetic structure of each stock, stocks are adapted to their local environments.
One example of local adaptation is that salmonids are cold water
fish that usually do not survive in warm water. Their DNA produces proteins that work best over a narrow range of temperatures.
However, some stocks of rainbow trout live in warm desert streams.
In warm streams, individuals with DNA variations (produced by
random mutation) manufactured proteins that worked at higher

temperatures. These fish survived and passed on their genes. Those
individuals that possessed cold water genes only manufactured
proteins that worked at lower optimal temperatures. Not so many
of those fish survived to pass on their genes. Individuals whose
DNA (genes) produced proteins that worked in warm water passed
through the filter of natural selection, whereas individuals whose
DNA (genes) produced proteins that only worked in cold water did
not. As a result, the frequency of genes that produced the warm
water protein gradually increased in the population. Thus, the
stock became adapted to its local environment. If human activities, such as a pollutant entering the stream and killing the native
population were to occur, it is unlikely that the problem could be
corrected by stocking hatchery fish as replacements because they
do not have the genes that allow individuals to survive in warm
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water. Therefore, there is value in preserving the genetic variation
in each locally adapted stock.
Salmon usually bury their eggs in gravel. In some species, (e.g. pink
salmon and chum salmon) juveniles begin to swim to the ocean within
hours, days or weeks after emerging from their spawning gravels. In
other species, (e.g. coho salmon, Chinook salmon, steelhead trout,
cutthroat trout, Atlantic salmon, and brown trout) juveniles remain
in their home tributary for months to years before migrating to sea.
The most common time for emigration is in the spring at age six or 18
months. For species that migrate at six months, a portion may move
downstream to saltwater and a portion may move downstream out of
their home stream into the main river, where they over winter, before
resuming their migration as yearlings the oncoming spring. In another variation of the anadromous life cycle, sockeye salmon migrate
out of their home tributary into a nursery lake soon after emerging
from their spawning gravel. They reside in the nursery lake until they
are 1.5 years old (or older in unproductive lakes), then emigrate to sea.
The freshwater or marine origin of salmon has been the subject of considerable debate (Tchernavin 1939; Myers 1949; Neave
1958; Hoar 1958; Dadswell et al. 1987; Gross 1987; Jonsson 1982;
McDowall 1987, 1988; Gross et al. 1988, 1991).
Tchernavin (1939) marshalled evidence for a freshwater origin.
His arguments included:
•

Many species occur in freshwater, others are anadromous, but none are entirely marine, which implies a
freshwater origin.

•

Salmonids spawn in freshwater, and expend considerable energy to overcome obstacles such as rapids and
waterfalls to reach the river of their birth. A homing
migration to freshwater is, perhaps, indicative of their
origin.

•

Most species of young, newly hatched salmonids are
intolerant of seawater.

•

Conditions necessary for normal development of salmonid embryos only occur in freshwater.

Tchernavin (1939) concluded that “the ancestors of the
Salmonidae from early Eocene onwards were freshwater fish, and
only during the glacial period, when all the recent species of this family already existed, did some of them acquire migratory habits.”
Hoar (1958) agreed with Tchernavin and discussed the evolution of sea-going migration among four species of Oncorhynchus:
coho, sockeye, chum, and pink salmon. He speculated that the
original parent type was a stream-dwelling trout-like fish and that
the coho was closest to the ancestral type, while the pink, which
spends most of its life in the ocean, represented a derived species.
Gross (1987; 1991), McDowall (1987), and Gross et al. (1988)
thought that the relative availability of food in the ocean and
freshwater habitats was the key factor driving the evolution of diadromy. In the temperate regions occupied by salmonid fish, the
ocean is usually more productive than freshwater habitats. They
argued that salmonids arose in freshwater and developed anadromous migration to obtain more food.
Pacific salmon and trout diversified about 6 MYBP in the
Miocene (Stearley and Smith 1993). When the climate cooled during the Pliocene, productivity of freshwater ecosystems declined
markedly and marine productivity increased sharply, making an
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anadromous life history increasingly advantageous (Gross et al.
1988; Montgomery 2004).
Regan (1914), Neave (1958), Balon (1968), and Thorpe (1982, 1987)
favored a saltwater origin of salmonids. Neave (1958) proposed a marine origin for the Pacific salmon (genus Oncorhynchus). He hypothesized that Oncorhynchus was derived from Salmo and then underwent differentiation and speciation during the Pleistocene. Glacial ice
prompted this diversification.
The fact that one species (pink salmon) can complete its life cycle
completely within saltwater supports this view. Some populations of
pink salmon spawn in estuaries where at high tide the water is brackish (Hanavan and Skud 1954). Hanavan and Skud capped pink salmon
redds constructed in both freshwater and in the intertidal zone, and
demonstrated that survival rates of eggs incubated in both habitats
was uniform. Apparently, Neave (1958) thought that pink salmon had
primitive (ancestral) characters that were closest to the stem of the
Oncorhynchus line and other species were derived. However, Neave’s
hypothesis has been falsified by the fossil record which shows that
salmonids were well diversified by no later than 6 MYBP (Miocene),
or about 4 million years before Pleistocene glaciation commenced
(Kimmel 1975; Smith 1975; Smith and Miller 1985; Smith et al. 2000).
Montgomery (2000) has proposed that tectonism during the Miocene
is what caused Pacific salmon and trout to diversify.

Salmon fossils
Fossil evidence supports a freshwater origin for the Salmonidae.
The oldest known salmonid on the North American Continent was
†Eosalmo driftwoodensis Wilson, 1977, found in Eocene deposits at
Driftwood Creek near Smithers, British Columbia, in the Eocene
Allenby Formation near Princeton, British Columbia, and in the
Eocene Klondike Mountain Formation near Republic, WA (Wilson
1977, 1978, 1980b, 1987, 1988b, 1996a, 1996b; Wilson and Williams
1993; Wilson and Li 1999) (Figure 14.8). These formations have been
dated at about 47–50 MYBP. At Smithers, Princeton and Republic,
the †Eosalmo fossils were found in varved lake bed sediments, indicating that it was a freshwater species. Because no salmonid fossils have (so far) been found in rocks of Eocene Age derived from
marine deposition, it may be inferred that primitive salmonids lived
in freshwater and anadromy (the habit of migrating to the ocean
and returning to their home river to spawn) evolved later. Large
individuals (adults) of †Eosalmo measured about 300–400 mm TL.
Wilson believed that, since the adults didn’t get very large, this observation also suggested that †Eosalmo did not migrate to sea. If they
had migrated to sea much larger adults (600–900 mm TL) should
have been found.
Even in these first salmonids, evidence of the migratory tendency
is indicated by the fact that most of the fossil †Eosalmo found in the
Eocene lakes of Washington and British Columbia were full grown.
Wilson (1996) speculated that the juveniles were usually absent because they occupied streams associated with these lakes, so it is possible
that †Eosalmo exhibited adfluvial migrations (the habit of migrating
from a tributary stream into a lake where they grow to maturity before
returning to their home tributary to spawn). If so, they may have been
pre-adapted to make even longer downstream migrations. At a later
point they could have developed osmoregulatory capability and salinity
tolerance and extended their migration into saltwater.
Morphological characters of †Eosalmo driftwoodensis were
intermediate between those of subfamilies Salmoninae (salmon,
trout, and charr) and Thymallinae (graylings) (Wilson and
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Figure 14.8

†Eosalmo driftwoodensis, the basal Salmoninae from the Eocene (47–50 MYBP) of British Columbia and Washington.
Image courtesy of Karl Volkman, CC BY-SA 3.0.

Williams, 1993). Recent cladistic analyses (Kendall and Behnke
1984; Smith and Stearley 1989; Stearley and Smith 1993; Wilson and
Li 1999; Wilson and Williams 1992) are all in agreement that among
the Salmonidae, the Coregoninae (whitefishes) are the most primitive members of the group, followed by the Thymallinae and the
Salmoninae which are increasingly derived. †Eosalmo is an almost
perfect missing link that joins the Thymallinae to the Salmoninae,
“a species that could have been very close to the ancestral lineage
of all recent Salmoninae” (Wilson and Williams 1992). Indeed, in
their cladistic analysis of the 119 morphological, morphometric
and meristic characters, Stearley and Smith (1993) concluded that
Eosalmo have a sister group relationship to all extant Salmoninae.
This relationship was confirmed in a second cladistic analysis using more characters by Wilson and Li (1999).
By the Miocene/Pliocene (about 23–2 MYBP) considerable speciation of the western Salmonidae was apparent. Salmonids had diverged into Pacific salmon, rainbow trout, cutthroat trout, western
charr, and whitefish lineages by that time. About 7 or 8 species have
been described from this period, including the giant saber-toothed
salmon, †Oncorhynchus (Smilodonichthys) rastrosus, Lake Idaho
rainbow trout †Oncorhynchus (Rabdofario) lacustris, and Pliocene
bull trout †Salvelinus (Paleolox) larsoni.
There is a substantial gap in the fossil record of the Salmonidae
until Oncorhynchus, Salmo and Salvelinus began to diverge in
the Miocene (23–5 MYBP) (McPhail 1997, Montgomery 2000).
However, a salmonid fossil has been recovered from the remnants
of a 500 km² Oligocene (38–25 MYBP) lake located near the town of
Grant, Beaverhead County, Montana (Cavender 1977). This Fossil
has not yet been named or classified.
Another important salmonid fossil was found among a variety of fossil fishes recovered from the Miocene Latah Formation
in the St. Maries River Valley, Latah and Shoshone counties, Idaho.
About 14–16 MYBP, an ancient lava flow dammed the proto- St.
Maries River near its confluence with Lake Coeur d’Alene, forming

Miocene Lake Clarkia. The lake, sandwiched between mountains
on the east and west, was a basin of deposition. The fish were laid
down in varved silts interbedded with layers of volcanic ash.
The fossil fish of Lake Clarkia have been described by Schied
(1937a, 1937b), Smiley et al. (1975, 1985), Smiley and Rember (1985),
Smith and Elder (1985), and Smith and Miller (1085). Most of the
fish specimens from Lake Clarkia collected by C. J. Smiley from
1975–1980 were sent to the University of Michigan Museum of
Zoology and examined by G. R. Smith and R.R. Miller (1985).
The specimens included the nearly complete skeleton of one
large charr (Family Salmonidae), 668 mm TL (in situ, compacted)
and estimated 720 mm TL in life (factoring in the compaction),
that was tentatively identified as being most similar to the Eurasian
salmonid genus Hucho by Smith and Miller (1985). Hucho is closely
related to, and forms a clade with, the charr (genus Salvelinus)
(Stearly and Smith 1992). Smith and Miller (!985) did not give this
species a Latin binomial.
Upon further reflection G.R. Smith (University of Michigan
Museum of Paleontology and Museum of Zoology, Ann Arbor,
Michigan, pers. comm.) placed the Lake Clarkia salmonid in the
genus Salvelinus and thought is was similar to †Salvelinus larsoni
discovered in Miocene deposits in Lake Idaho. So it is possible
that this Miocene fossil was the ancestor of the modern bull trout
Salvelinus confluentus that occurs in the St. Maries River, St. Joe
and Coeur d’Alene rivers and is found throughout the Columbia
Basin at this time.
Fossilized saber-toothed salmon, †Smilodonichthys rastrosus
(Figure 14.9) Cavender and Miller (1972), have been recovered
from several sites along the west coast of North America, including:
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The late Miocene/Pliocene Dalles Formation along
the Columbia River near Arlington, Gillian County,
Oregon (Cavender and Miller 1972);
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†Oncorhynchus (Smilodonichthys) rastrosus saber-toothed salmon; A) shows artist’s reconstruction of what the species
may have looked like. The size of this fish is shown in scale to the SCUBA diver. B) shows fossil jaws of this species collected from the Ringold Formation along the Hanford Reach of the Columbia River. Photograph courtesy of G.R. Smith,
University of Michigan, Museum of Zoology (UMMZ).
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2.

The Pliocene Madres Formation near Bend, Jefferson
County, Oregon (Cavender and Miller 1972);

3.

The Pliocene Yonna Formation near Warden,
Klamath County, Oregon (Cavender and Miller 1972);

4.

The late Miocene/Pliocene Ringold Formation, in
the White Bluffs along the Hanford Reach of the
Columbia River north of Richland, Franklin and
Grant counties, Washington (Smith et al. 2000);

5.

The Pliocene Pinole Formation, north of Oakland,
Contra Costa County, California (Barnes et al. 1985);
and

6.

The Pliocene Mehrten Formation, east of Modesto,
Stanislaus County, California (Barnes et al. 1985).

The upper and lower jaws of this species lacked teeth except
during the spawning season when two massive tusk-like teeth developed on the premaxilla and two smaller tusk-like developed
on the mandibles. It was distinguished from all known salmonid
species by its numerous gill rakers (about 110–114) on the first gill
arch, or about 30 more than any other salmonid. Cavender and
Miller (1972) speculated that this was an adaptation for filter feeding on zooplankton. The generic name †Smilodonichthys means
saber-toothed fish, in reference to the pair of fearsome breeding teeth
protruding from the upper jaw. The upper and lower jaw of this species lacked teeth except during spawning season when two massive
tusk-like teeth developed on the pre-maxilla and two smaller tusk-like
teeth developed on the mandibles. (Smilodon was the generic name
used to describe the extinct saber-toothed tiger, ichthys means fish.)
The specific epithet rastrosus is from a Latin word meaning rakers, in
reference to the numerous gill rakers.
†Smilodonichthys was a huge fish. The jaw bones were 250 mm
(9.8 inches) long, the head measured 462 mm, and the standard
length (SL) was 1900 mm (Cavender and Miller 1972), which would
make the total length (TL) greater than 2000 mm (78.7 inches).
Casteel (1974) determined that the weight of the 5 North American
species of Pacific salmon (Chinook, chum, coho, pink, sockeye)
was proportional to the width of their otoliths or vertebrae. When
he regressed otolith or vertebrate width (independent variable)
with weight (dependent variable), the r² value was 0.99 (n = 3,347
total fish representing five species). When he reconstructed the
weight of †Smilodonichthys rastrosus based on the width of its
otoliths, or vertebrae, and assumed that its body proportions were
similar to those of modern species, he predicted the weight of the
largest specimen of S. rastrosus at 177.3 kg (358 lbs)! This was about
three times the maximum weight of the largest known modern
Pacific salmon (57.3 kg or 126 lbs, Hart 1973)!
†Smilodonichthys was determined to have an anadromous life
history by comparing the strontium (SR) isotope composition of
their bones and teeth to that of marine and freshwater fish (Koch
et al. 1992). Marine and resident freshwater fishes each had their
own 87 SR⁄86 SR signature (respectively 0.7 and ≤ 0.02). The 87 SR⁄ 86 SR
ratio in the bones of †Smilodonichthys was similar to that of marine fish even though their bones were associated with the bones
of other species of freshwater fish, indicating that they had lived
a portion of their life cycle in the ocean (Koch et al. 1992). Also,

†Smilodonichthys was collected in brackish water or marine fossil
assemblages in southern California (Barnes et al. 1985).
Cavender and Miller (1972) believed that †Smilodonichthys represented a divergent member of the subfamily Salmoninae, since
it shared more characters with the Salmoninae (salmon, trout,
and charr) than with the Thymallinae (graylings) or Coregoninae
(whitefish). Among the Salmoninae it shared more characters with
the genus Oncorhynchus (Pacific salmon and trout) than it did
with genus Salmo (Atlantic salmon and trout) or genus Salvelinus
(charr). For example, jaws of breeding fish were closest to Pacific
salmon. It was considered divergent because its jaws lacked teeth
except during the breeding season, whereas all extant members of
the Salmoninae have toothed jaws. This was also the reason why
Cavender and Miller (1972) erected a new genus to describe this
species.
Stearly and Smith (1993), based on cladistic analysis, showed
that †Smilodonichthys would be better described as a subgenus
within Oncorhynchus, i.e., †Oncorhynchus (Smilodonichthys) rastrosus. Smith et al. (2000) in their description of the Pliocene
Ringold fossil fishes called it by this name.
Miocene/Pliocene/Pleistocene Lake Idaho was about 200 km
long, 50 km wide and 300 meters deep (Malde and Power 1962,
Smith 1987). The lake had two stable stages, one in the Miocene
about 9–6 MYBP and the other in the Pliocene about 3.2–2 MYBP
(Kimmel 1979; Smith et al. 1982). The two stages are represented
respectively by the Miocene Chalk Hills/Deer Butte and Pliocene
Glenn’s Ferry Formations (Kimmel 1975, 1982; Smith 1975). Most
of the Chalk Hills/Deer Butte and Glenn’s Ferry Formations are
composed of varved shales, indicative of deposition in a deep lacustrine environment. However, the Poison Creek Formation (late
Miocene) was composed of fluvial deposits that represented an
ancient tributary to the lake, and the Blackjack Butte locality contained fluvial deposits that may represent the outlet to the lake.
For much of its history the lake, and by inference, the Snake River,
drained to the southwest into either the Klamath or Sacramento
Rivers or both at different stable stages of Lake Idaho. During the
late Pliocene, about 2.0 MYBP, because of headwater capture, the
Snake began to flow through Hells Canyon into the Columbia
River.
Younger deposits of Pleistocene age that overlay the Glenn’s
Ferry Formation include the Bruneau, Grandview, and Jackass
Butte Formations/facies. The Miocene deposits contain 20 species of fish, the Pliocene deposits contain 28 species of fish, and
the Pleistocene deposits contain 9 species of fish; so, the younger
deposits may represent an extinction event associated with
Pleistocene cooling or loss of lacustrine habitat as the lake emptied when the Snake River cut through Hells Canyon to join the
Columbia River.
About 35,000 fish fossils have been collected from 190 localities associated with Lake Idaho (Smith et al. 1982). The fish fossils
of Lake Idaho were described by Cope (1870, 1871, 1883a, 1883b);
Leidy (1870); Jordan (1906); Hussakof (1908); Miller (1959, 1965);
Uyeno (1961); Malde and Power (1962); Uyeno and Miller (1963);
Miller and Smith (1967, 1981); Cavender et al. (1970); Linder (1970);
Linder and Koslucher (1974, 1976); Kimmel (1975, 1979, 1982);
Smith (1975, 1981, 1987); Smith et al. (1982, 1988, 2002); Elder and
Smith (1988); Smith and Patterson (1994); Drummond et al. (1993),
Coburn et al. (1996); and Smith and Cossel (2002).
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Salmonids collected from the Miocene Chalk Hills, Deer Butte
and Poison Creek Formations included:
1.

†Paleolox larsoni Kimmel 1975. Kimmel (1975) erected
the genus Paleolox to describe this charr-like fossil.
Smith and Cossel (2002) re-described it again in the
genus Salvelinus. The species is now called †Salvelinus
(Paleolox) larsoni (Kimmel, 1975). The total lengths of
the largest specimens were estimated at 1,200–1,300
mm and its jaws were 150 mm long, so it was a
piscivore. Smith et al. (1982) noted that the premaxilla
of †S. larsoni was identical to that of modern bull
trout Salvelinus confluentus Suckley, but implied no
continuity between the two. I believe that †Salvelinus
(Paleolox) larsoni was the probable ancestor that gave
rise to the bull trout.

2.

†(Rhadofario) carinatum (Kimmel 1975). This fossil
resembled fossil †Rhadofario lacustris Cope, 1870
from the Pliocene Glenn’s Ferry Formation and modern rainbow trout Oncorhynchus mykiss (Walbaum,
1792). This should now be called †Oncorhynchus
(Rhadofario) carinatum.

3.

†Prosopium prolixus Smith 1975. Lake Idaho
whitefish.

Salmonids collected from the Pliocene Glenn’s Ferry Formation
included:
4.

†Salvelinus (Paleolox) larsoni (Kimmel, 1975).

5.

The Lake Idaho rainbow trout was initially called
†Rhadofario lacustris Cope 1870: 545 (Figure 14.10).
†R. lacustris was a large salmonid. Smith (1975)
related that its bones were twice the size of those
from the skeleton of a modern Chinook salmon
Oncorhynchus tshawytscha that measured 980
mm (38.6 inches) and weighed 12.7 kg (22 lbs). It
shared some characters with modern rainbow trout
Oncorhynchus mykiss (Walbaum). In their cladistic
analysis of the family Salmonidae, Stearly and Smith
(1993) thought that †Rhabdofario should be placed as
subgenus of Oncorhynchus and that †Oncorhynchus
(Rabdofario) lacustris was the closest sister related to
the steelhead/rainbow trout (Oncorhynchus mykiss)
lineage.

6.
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†Oncorhynchus salax (Smith 1975). †O. salax was
a smaller salmonid with numerous (>46) long gill
rakers that formed a branchial sieve to filter out
zooplankton from the water column (Smith 1975).
Bones of sexually mature fish (kype with breeding
teeth) and very young fish were collected at localities
with coarse sediments that were thought to represent
deposition in a fluvial habitat (Smith 1975). Bones of
young and intermediate sized fish were collected at
localities with fine sediments thought to represent
deposition in a lacustrine habitat (Smith 1975). These
findings suggested that †O. salax was a land-locked
adfluvial species that spawned in tributaries, then

migrated to and grew up in the open water (limnetic zone) of Lake Idaho. The specific epithet salax
means lustful, in reference to the fact that at several
locations sexually mature fish with swollen breeding teeth dominated the collections. The life cycle
of †O. salax was similar to that of modern kokanee
Oncorhynchus nerka var. kennerlyi Suckley. The
kokanee contain numerous (~42) gill rakers and are
limnetic planktivores. O. nerka was considered a
sister species and possibly a descendent of †O. salax
(Smith 1975; Smith 1982; Stearly and Smith 1993).
7.

†Prosopium prolixus Smith, 1975. †P. prolixus was a
large whitefish that attained maximum total length
(TL) of about 700 mm, although most specimens
were estimated at 430–440 mm TL. The relationship
of †P. prolixus to modern whitefish is uncertain. It
had long jaws similar to modern pygmy whitefish
Prosopium coulterii (Eigenmann, 1892) and unlike the
mountain whitefish Prosopium williamsoni (Girard,
1856). However, P. coulteri is a diminutive species,
seldom growing to more than 150 mm TL and P. williamsoni seldom grow to more than 350-425 mm TL.

8.

The Glenn’s Ferry Formation contained the bones
of 2–3 other species of salmonids that were too
fragmentary to identify with certainty (Smith
1975). One of these was later identified as the saber
toothed salmon. †Oncorhynchus (Smilodonichthys)
sp. (Smith et al. 1982; Stearly and Smith 1993). It was
thought to be a land locked variant of †Oncorhynchus
(Smilodonichthys) rastrosus.

Interestingly, only one salmonid, Salvelinus (Paleolox) larsoni,
has so far been discovered in Pleistocene deposits of Lake Idaho. As
noted previously, the number of species that occupied Lake Idaho
was reduced from 28 in the Pliocene to 9 in the Pleistocene. Smith
and Cossel (2002) speculated that this crash in biodiversity was related to the headwater capture of the Snake River by the Columbia,
through Hells Canyon, about 2 million years ago. This event partially drained Lake Idaho and, therefore, reduced the number of
habitats required for speciation to take place. Additionally, the postPliocene uplift of the Sierra-Nevada and Cascade mountain ranges
“cast a rain shadow” over southeastern Oregon and southwestern
Idaho (Smith and Cussel 2002). This desiccation also caused lake
elevations to decrease, contributing to further loss of habitat.
A salmonid fossil from the Miocene Esmeralda Formation
near Rabbithole, Pershing County, Nevada was described by La
Rivers (1964) as †Salmo cyniclope. La Rivers noted that this species
aligned with Pacific trout “which might be its modern derivatives,”
based on its short anal fin (≤12 rays). At the time La Rivers named
†S. cyniclope, Pacific trout were classified in the genus Salmo,
which included Atlantic salmon and trout and Pacific trout. Later,
after cladistic analysis revealed that the Pacific trout were more
closely allied to the Pacific salmon (genus Oncorhynchus) rather
than genus Salmo (Smith and Stearly 1989; Stearly and Smith 1993),
the name was changed to †Oncorhynchus cyniclope (Smith et al.
2002). Stearly and Smith (1993) thought that †Oncorhynchus cyniclope was in the lineage of cutthroat trout Oncorhynchus clarkii.
The specific epithet cyniclope was from the Greek cyclinus (=
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rabbit) and –ope (=hole), after the type locality near Rabbithole,
Nevada. Similar fossils were found in the Pliocene Mopung Hills
Formation, Churchill County, Nevada (Taylor and Smith 1981),
and Plio-Pleistocene Honey Lake Formation, Lassen County
California (Taylor and Smith 1981).
The Mopung Hills Formation fossils were similar to living
Lahontan cutthroat Oncorhynchus clarkii henshawi in Pyramid
Lake, Nevada. The Honey Lake fossils were deposited during a
high stand of Pluvial Lake Lahontan. The fossil beds were exposed
during the subsequent desiccation of the lake. For a time, Honey
Lake persisted as a remnant playa lake but it too evaporated during
the drought of the 1930s. Taylor and Smith (1981) initially described
the salmonid species found at Honey Lake as †Rhabdofario c.f. lacustris, that it appeared to be intermediate between †Rhabofario
lacustris (now called †Oncorhynchus (Rabdofario) lacustris) from
the Glenn’s Ferry Formation (Lake Idaho) and modern Lahontan
cutthroat trout Oncorhynchus clarkii henshawi from Pyramid Lake,
Nevada. Later, Stearly and Smith (1993) and Smith et al. (2002) decided that the fossil was closer to O. clarkii than †O. lacustris/O.
mykiss and belonged in the lineage of O. clarkii.
La Rivers (1966) described a second species of fossil trout collected from a second Esmeralda Formation locality near Silver
Peak, Esmeralda County, Nevada as †Salmo esmeralda. Taylor and
Smith (1981) thought that the skeleton was too incomplete to assign it to a new species. Smith et al. (2002) thought it should be
considered a junior synonym of †Oncorhynchus cyniclope.
Other salmonid fossils were found in the Miocene Truckee
Formation near Hazen, Churchill County, Nevada (Smith et al.
2002), the Pliocene Secret Valley and Madeline Formations, Lassen
County, California (Wagner et al. 1993), the Pliocene Fossil Lake in
south central Oregon (Allison and Bond 1983), and the Pliocene
(3.8–3.7 MYBP) Grande Ronde Valley alluvium near Imbler,
Union County, Oregon (VanTassel et al. 2001). The fossils from
the Truckee, Secret Valley, Madeline, and Fossil Lake formations
were too fragmentary to identify with precision but were apparently allied with Pacific salmon or Pacific trout. The fossils from
the Grande Ronde Valley alluvium were allied with the subfamily Coregoninae (whitefish), Genus Prosopium and were similar to
†Prosopium prolixus from Lake Idaho (VanTassel et al. 2001).
Pleistocene salmonid fossils, about 29,000 YBP, have been
found at Fossil Lake in south central Oregon (Allison and Bond
1983); in the Carson Valley Formation, Douglas County Nevada
(Kelly 1995); and at two sites that are remnants of Pluvial Lake
Lahonton, Walker Lake (Smith et al. 2002), and Smith Creek Cave
(Mead et al. 1982) in northern Nevada. All these specimens were
referable to modern cutthroat trout Oncorhynchus clarkii.
Five species of salmonids were also described from sites in
Utah that are remnants of Pluvial Lake Bonneville (Broughton
2000a, 2000b; Broughton et al. 2000; Smith et al. 2002). These
specimens were identified as modern Bonneville cutthroat trout
Oncorhynchus clarkii utah (Suckley, 1858), modern bull trout
Salvelinus confluentis (Suckley, 1858) and three contemporary
species of whitefish. The whitefish included: Bear Lake whitefish
Prosopium abyssicola Snyder 1919, Bonneville cisco Prosopium
gemmifer Snyder 1919, and Bonneville whitefish Prosopium spilonotus Snyder 1919.
Late Pleistocene fish fossils were also found at Old Crow, Yukon
(Cumbae et al. 1981). The salmonids found there were identified as

Figure 14.10

†Oncorhynchus (Rhadofarios) lacustris, Miocene/
Pliocene, Lake Idaho rainbow trout. Photograph
courtesy of G.R. Smith, UMMZ.

Coregonus sp. (whitefish), Stenodus sp. (Innconu or sheefish) and
Thymallus sp. (grayling).
In summary, the fossil evidence indicates that the oldest salmonid fossil (Eosalmo driftwoodensis) arose in the Eocene about 34–56
MYBP. Delvin (1993), who examined the nucleotide base sequence
divergence of type 1 and 2 growth hormone genes in Atlantic
salmon (Salmo salar), sockeye salmon (Oncorhynchus nerka) and
rainbow trout (Oncorhynchus mykiss), estimated that Oncorhynchus
diverged from Salmo about 20 million years ago. Fossil evidence
shows that Oncorhynchus had diversified into several species of
Pacific salmon and trout about 6 MYBP (Smith 1981, 1992; Stearly
1992; McPhail 1997). Mitochondrial DNA analysis also showed that
Oncorhynchus had diversified prior to the onset of Pleistocene glaciation 2 million years ago. This would seem to rule out Pleistocene
glaciation as the main event promoting speciation in Pacific salmonids as proposed by Neave (1958) and reiterated by Lichatowich
(1999). Instead, it appears that speciation of Pacific salmonids coincided with the Miocene reorganization (physiographic changes)
of the Pacific Rim topography, e.g., Miocene vulcanism that laid
down the layers of basalt in the Columbia Basin and uplifted of the
Cascade and Olympic mountains (Montgomery 2000).

Natal homing
The spawning migration of Pacific salmonids covers long distances, often 2,000–4,000 km. In many cases, the salmon spawn
several hundreds or thousands of kilometers from their ocean
feeding grounds in shallow mountain streams that form the headwaters of larger rivers. Their urge to swim upstream is impressive. During their upstream migration salmon traverse rapids and
negotiate waterfalls to reach their spawning grounds. With their
backs sticking out of water and tails vibrating frantically, they
wriggle across gravel riffles. At the end of their arduous journey,
the salmon spawn and die, leaving their progeny to migrate to the
ocean, grow to maturity, and repeat the cycle.
Even more remarkable than their persistence is the salmon's
homing “instinct.” Sexually mature adults return to the place of
their birth to spawn, i.e., they exhibit fidelity to the same stream
used by their parents. This type of homing behavior, termed natal
homing, is the basis for the parent stream theory. Natal homing to
parent streams is well documented among various species in the
subfamily Salmoninae (reviewed by Hasler 1966; Harden-Jones
1968; Hasler and Scholz 1983).
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The methods of studying homing behavior follow a general
pattern. Young salmon, captured in their natal tributary before
their seaward migration, were marked with either a fin clip, floy
tag, freeze brand, coded wire tag or passive integrated transponder
(PIT) tag and released back into the river where they were caught.
The fish subsequently migrated downstream, and, depending
on the species, spend from 0.5–6 years in the ocean. During the
spawning migration, the natal tributary was monitored for marked
fish. Neighboring tributaries were also surveyed to determine if
straying occurred.
According to Izaak Walton in The Complete Angler, homing
was first observed in Atlantic salmon (Salmo salar) in 1653 by the
Swiss Encyclopaedic Naturalist Conrad Gessner who tied different
colored ribbons or threads to the tails of young Atlantic salmon
from different tributaries of the Rhine River which were swimming
toward saltwater, and catching them again when they came back to
the same place upon their return from the sea. Since then, scores
of studies on the homing behavior of different species of salmonids have been conducted. In most cases, the return of fish to their
natal tributary was precise (reviewed Hasler 1966; Harden-Jones
1968; Hasler and Scholz 1983; McKeown 1984; McDowall 2001).
The results of these studies are remarkably consistent and indicate
that, because of high mortality in the ocean, only about 0.2%–5% of
the original downstream migrants survive to spawn and, of these,
about 90–100% typically return to their natal stream, with the remainder straying into other streams.
Marked salmon caught at sea during the oceanic portion of
their life cycle confirmed that the fish migrate to distant places,
and in a few instances biologists have actually obtained evidence of
the total migration from river to sea and back again by capturing,
in the ocean, a fish bearing a unique mark from a specific tributary,
marking it a second time and releasing it back into the sea, and,
finally, recovering the fish during the spawning migration in the
tributary where it had been originally marked. The first example
of this remarkable series of recaptures was reported by Huntsman
(1942). His observations were:
•

May 1938: Juvenile Atlantic salmon were marked
during their descent of the Margaree River on Cape
Breton Island, Nova Scotia.

•

June 1940: One of these fish was caught by a commercial fisherman operating in the Atlantic Ocean off
the coast of Newfoundland, about 1,100 km from the
Margaree River. The fisherman, a Canadian government employee, noted and recorded the marked individual. Then, after marking the fish a second time, he
released it back into the sea.

•

September 1940: The fish was captured again in the
Margaree River where it had returned to spawn. The
fish was caught by an angler who returned the tag to
the appropriate authorities.

In a second example, a sockeye salmon, originally tagged during its smolt migration in the Thompson River, British Columbia,
was later recaptured in the North Pacific Ocean, and ultimately
recovered in the Thompson River during the spawning migration
(Pritchard 1943). In May 1958, a fin clipped steelhead trout was
released at the Alsea hatchery, Oregon. In September 1958 it was
captured on the high seas, tagged, and released off Kodiak Island,
Alaska. In February 1960, it was recaptured back at the Alsea hatch930

ery (Jones 1961). DeLacy (1966) has also reported examples of coho
salmon and steelhead trout that swam far away (753–2,700 km)
from any possible influence of the parent river and returned.
Three types of studies provide progressively stronger support
for natal homing.
•

In season homing refers to when fish captured on their
spawning grounds and displaced to a different location
subsequently returned to the spawning ground during the same spawning season. Biotelemetry is often
employed in conducting this type of study. The fish are
implanted with radio or ultrasonic transmitters and
tracked from the site where they were released back to
the site where they were captured.

•

Repeat homing refers to when fish are captured on
their spawning grounds, marked and released during
one season. They are subsequently recaptured during
the next spawning season (or several subsequent
spawning seasons) at the same spawning ground.
Obviously, this technique only works for fish that
are iteroparous. Between spawning seasons, the fish
may be captured at a site remote from their spawning
ground (e.g., in a lake if the fish is adfluvial).

•

Natal homing refers to when juvenile fish are marked
and released at the smolt stage into a home tributary.
This may be the same tributary or hatchery in which
their parents spawned (natal tributary). Alternatively,
smolts may be transplanted from their natal tributary
to a different one. In either case, marked fish are
recovered in the stream where they were released
during the spawning season. Marked fish may be recovered from a few months up to 6 years from when
they were tagged.

Willis Rich (1935) summarized the early marking studies of salmonids that established the Parent Stream Theory:
“Evidence … comes from the many marking experiments … carried on for the past 25 years. In those there
have been very few instances in which a marked fish has
been taken in any stream other than the one in which it
was reared. Numerous such experiments have been conducted [and] as far as I know, [there is] no single unquestionable instance in which a marked fish [was] taken in
any other than the parent stream…
“One feature of the homing of salmon … is the fish
return to the stream in which they were reared and not
the stream into which the parents went to spawn. If the
eggs are taken from one stream to another and are there
hatched and the young liberated, the adults surviving from
such a brood will return to the stream in which they spent
the early part of their lives and not the stream of the parents. On this account, it has been suggested that the term
“Parent Stream Theory” should be modified to “Home
Stream Theory”…
“The evidence is overwhelming that, for all practical
purposes, I must consider that the fish return not only the
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main stream of their nativity but also to the very tributary
from whence they came.”

Life stages

Keefer et al. (2005a, 2005b) investigated homing and straying
in Chinook salmon and steelhead trout tagged with passive integrated transponder (PIT) tags as juveniles in their natal stream
or hatchery. They intercepted returning adults at Bonneville Dam
and implanted them with radio transmitters, then followed them
to see if they would return to their place of origin. Spring/summer Chinook (n = 1,588 implanted with radio transmitters), fall
Chinook (n = 166) and steelhead (n = 1,414) homed at rates of
99.8%, 95.8%, and 93.2% respectively and strayed at rate of 2.2%,
4.2%, and 6.8% respectively. Adult fallback at dams was associated
with increased straying, particularly in those fish that fell back
multiple times.
See individual species accounts under section titled “Behavior
and Ecology” for some examples of homing by each species.

Functions of homing/straying
Natal homing by salmon ensures that spawning will occur in
waters with proven suitability for survival; proven in the sense
that the spawners themselves were born and survived there. Natal
homing is also associated with the emergence of the local adaptations that increase the probability of an individual surviving and
contributing its genes to future generations. By interbreeding
with other members of a specific tributary population (stock),
genes responsible for these traits gradually, over generations, become fixed in that population. Genetic studies on many species of
salmon, trout, and charr have confirmed that each tributary population has its own distinctive genetic signature based on amino
acid sequences of proteins and/or nucleotide base sequences of
DNA. Populations inhabiting each tributary have a specific frequency of alleles that does not appear to change over time (i.e.,
remains in Hardy–Weinberg equilibrium). In some cases unique
alleles may be present.
In some instances homing is disadvantageous, particularly
when the fish returns to natal tributaries that have changed so that
they can no longer successfully produce progeny. Thus absolute
homing is “a recipe for extinction” (McDowall 1988, 1993, 2001).
Quinn (1984, 1984b) suggested that, “straying is an evolutionary alternative to homing and that these two life history strategies are in
dynamic equilibrium.”
Straying is probably as important as homing to each local population, as it would maintain gene flow, thereby reducing problems
with inbreeding (Hasler and Scholz 1983). Straying enables new
selectively advantageous mutations to spread through the species
population (McDowall 2001). Straying also enables some members
of the population to survive a catastrophe, and that newly available habitats will be colonized (Hasler and Scholz 1983; McDowall
2001). For example, tributaries on the slopes of Mt. St. Helens were
depopulated of coho salmon for several years following the volcano’s eruption in 1980 (Martin et al. 1984). Following such a catastrophic event, “then a few individuals that have strayed elsewhere,
carrying that population’s genes, will survive” (McDowall 2001).
Individuals that stray can form the nucleus for colonization of new
habitats, such as river corridors that became available as glaciers
melted at the end of the last Ice Age (Lindsey and McPhail 1986;
McPhail and Lindsey 1986).

Female salmonids typically dig depressions, termed redds, in
streams that flow rapidly over gravel or cobble bottoms. After she
has selected a site, the adult female turns on her side and displaces
the substrate by powerful thrusts of her tail. This behavior, called
“digging” or “cutting,” results in a concavity in the streambed that
is surrounded on the rim by loose gravel and cobble. Finer sediments, such as silt and sand, that were embedded in the substrate,
are carried downstream away from the redd by current flow. After
a ritualized mating dance with her breeding partner, the female
and male hover together over the depression. With their mouths
agape, and using intense muscular contractions while remaining
stationary over the center of the redd, they express their eggs and
sperm. After eggs are laid the female displaces the loose gravel or
cobble from the rim of the redd over the top of the eggs. Females
may construct several egg pockets within each redd and spawn
with multiple partners in this manner. Exhausted by their efforts,
the parent fish usually die.
In many species of salmonids, adult fish spawn only once during their lifetime. This is called semelparous reproduction. Other
species may survive to spawn two or more times. This is called
iteroparous reproduction. Hendry and Stearns (2004: 5–7) provided an excellent summary of which species of salmonids are
semelparous and which are iteroparous, including the maximum
numbers of spawning episodes in the life of iteroparous species. In
general, Pacific salmon (pink, chum, coho, sockeye and Chinook),
which make extensive anadromous migrations are invariably semelparous. All other species are iteroparous. However, rainbow/
steelhead trout, cutthroat trout, Atlantic salmon, and brown trout
that make extensive anadromous migrations exhibit high levels of
semelparity. For example, survival of anadromous steelhead trout
in the Columbia River to spawn a second time has been estimated
at about 2–4% for stocks above Bonneville Dam and 18% for stocks
below Bonneville Dam. Spawned out iteroparous fish are called
kelts. Kelts are easily recognized by their emaciated appearance.
Incubation of the eggs and embryonic development occurs under the gravel. Figure 14.11 shows the various stages of the life cycle
of a salmon. Eggs absorb water and become water-hardened within
a few hours after fertilization. Eyes become visible after about two
weeks. Eggs hatch about 1–2 months later into alevins or sac fry.
Alevins are nourished by a yolk sac which contains a balanced
diet of minerals, nutrients, amino acids, and energy stores (fats
and carbohydrates) that allow them to complete their embryonic
development in the gravel. The alevins remain buried for an additional 1–3 months (depending upon water temperature), which
protects them from predators. Warm temperatures hasten embryonic development. Cold temperatures retard embryonic development. During the entire period of residence in the gravel, a flow
of clean, well-oxygenated water is critical to the survival of eggs
and alevins. Water percolates down to the egg pocket through the
spaces between the gravel and cobble. If silt covers the redd, these
spaces become clogged and the alevins suffocate. This is why increased sedimentation, resulting from accelerated erosion caused
by poor land management practices associated with agriculture,
grazing cattle, logging, and mining poses a threat to salmonids.
Alevins are initially rotund owing to their yolk sac. After their
yolk sacs are absorbed, they become slimmer and eventually are
able to wriggle their way up through the narrow interstices of the
gravel and cobble. They swim to the surface, inflate their swim
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Salmon life cycle. A) Eggs and alevins buried underneath gravel in a redd; A₁) Close-up of alevin with its yolk sac (photo
courtesy of Paul Colvin, ©2011, all rights reserved); B) Coho fingerling (dark vertical bars on sides are parr marks); C)
Coho fingerlings near time of smolt transformation; D) Silvery smolt stage coho salmon; E) Sockeye salmon adult during upstream migration; F) Spawning sockeye salmon. Female (in front) is turned over on her side digging a redd; G)
Decaying body of spawned out coho salmon with aquatic insects crawling over the carcass.
Fishes of Eastern Washington: A Natural History

Family Salmonidae

bladders by gulping air and begin to feed. This is termed emergence or the swim-up fry stage.
Fry are small salmonids that have completely absorbed their
yolk sac. The fry of some salmonid species migrate immediately
to the ocean or a nursery lake. The fry of other species remain in
their natal tributary for varying lengths of time before migration.
The fry develop dark vertical bars (parr marks) that helps them to
blend in with stream vegetation and affords them protective coloration. Fry are called fingerlings when they attain a size of about
75–100 mm. Juvenile salmon from the fry to fingerling stage are
termed parr because of their parr marks (Figure 14.11).
The parr marks are the result of black pigments manufactured
by specialized cells called chromatophores (melanophores) that
are embedded subcutaneously underneath the surface of the skin.
Juvenile salmon can be identified to species based on their distinctive pattern of parr marks (McConnell and Snyder 1972; Phillips
1977; Pollard et al. 1997).
Parr are solitary, and oriented upstream into the current.
They display territorial behavior and defend their feeding territory against encroachment by chasing and nipping at intruders.
Stationing themselves underneath an overhanging bank, with their
heads pointed upstream, they wait for their prey (aquatic insects)
to drift downstream with the water current.
Parr are typical freshwater fish that cannot tolerate saltwater
and will usually die within 12–48 hours if placed in seawater. Blood
serum concentration is measured in units of milliosmols/liter
(mOsmols/L). Distilled water (DW) has an osmotic concentration
of 0 mOsmols/L and full strength seawater (SW) has an osmotic
concentration of 1000 mOsmols per liter. These osmotic concentrations correspond to salinities of 0 and 35 ppt (parts per thousand, denoted by the symbol ‰) for DW and SW respectively. Both
freshwater (FW) and SW fish maintain their blood serum (internal
osmotic concentration) at about 300 mOsmols/L. Salmon parr are
stenohaline freshwater regulators. Parr can regulate their blood serum concentration at 300 mOsmols/L, which is optimal for their
enzymes to work properly, and survive in water with salinities of
0.30 to 10 ‰ (30–300 mOsmols/L) but when placed in seawater
with salinities > 10–35 ‰ (> 300–1000 mOsmols/L) they begin to
accumulate salt ions in their blood serum. When the concentration
reaches levels of about 13–15 ‰ (350–450 mOsmols/L), the fish’s
enzymes stop functioning properly and it dies.
Body fluids of freshwater fish and salmon parr are more concentrated than the water surrounding them; so they tend to gain
water from, and loose ions to, the environment. Permeable tissues
such as the skin and gills act as a wick to suck up water by osmosis. Parr take in so much water across the gills and skin and with
the food they eat, they do not have to drink. In fact, there is a real
danger that their body fluids will become too dilute. They counter
this by using their kidneys to pump out the excess water. Unlike
mammalian nephrons which have a Loop of Henle (functions as
a counter-current multiplier to produce a concentrated urine),
fish nephrons lack this structure and so produce a dilute rather
than concentrated urine. Freshwater fish and salmon parr rapidly
flush dilute body fluids through the glomerulus and into Bowman’s
capsule (i.e., have high glomerular filtration rate). After entering
Bowman’s capsule the dilute fluids are passed into the renal tubules
and thence into the collecting ducts and ureter to the outside of
the body.

Prolactin, produced by the adenohypophysis (anterior pituitary
gland) is an osmoregulatory hormone involved in the maintenance
of water balance in freshwater (reviewed by Johnson 1973; Bern 1975;
Hasler and Scholz 1983). Hypophysectomy (removal of the pituitary
gland) of freshwater adapted fish caused death. The fish suffered
from edema and swelled up with excess water until they became
bloated and died. Prolactin injection replacement therapy enabled
hypophysectomized fish to survive, whereas injections of other anterior pituitary hormones were ineffective. Thus, prolactin appeared
to be necessary for survival in freshwater. Prolactin possibly plays a
role either in altering the permeability of the kidney tubules so they
flush more water or increasing the rate of glomerular filtration.
When they are about 1.5 years old, coho, sockeye, and Chinook
parr transform into silvery smolts (Figure 14.11d). Parr-smolt
transformation is a metamorphic event that involves morphological, physiological, and behavioral changes associated with entry of juvenile salmonids into saltwater (reviewed by Hoar 1976,
1988; Folmar and Dickhoff 1980; Hasler and Scholz 1983; Clarke
and Hirano 1995). During the smolt stage their parr marks disappear and they turn silver; their osmoregulatory mechanisms begin making adjustments that will enable survival in saltwater; they
cease territorial behavior, form schools numbering hundreds to
thousands of individuals, and embark en masse on their seaward
journey. Most notably, smolts become euryhaline osmoregulators
(i.e., they were able to regulate serum osmotic concentration at 300
mOsmols per liter over a wide range of environmental osmotic
concentrations (25–1000 mOsmols/liter).
Prior to the smolt stage, the salmon neuroendocrine system
becomes active and begins to manufacture and secrete a variety of
hormones that stimulate smolt transformation (reviewed by Hoar
1976; Folmar and Dickhoff 1980; Hasler and Scholz 1983; Barron
1986). Various hormones then circulate through the bloodstream
to target tissues, where they either activate existing proteins (enzymes) or cause the production of new proteins (enzymes) that are
responsible for the morphological, physiological, and behavioral
transitions.
Blood plasma levels of thyroid hormones are elevated in
concentration during smoltification in coho salmon, Chinook
salmon, sockeye salmon, steelhead trout, and Atlantic salmon
(Dickhoff et al. 1978, 1982a, 1982b; Dickoff and Sullivan 1987;
Scholz 1980; Grau et al. 1981; Hasler and Scholz 1983; Lindahl et
al. 1983; Muzi 1984; Sower and Schreck 1982; Boeuf et al. 1989;
Scholz et al. 1985; Specker et al. 1985; Virtanen and Sovio 1985).
Factors that play a role in turning on the endocrine system at
this time include: 1) size of the fish; 2) an endogenous developmental program; and 3) environmental cues (day length, lunar
cycle, and/or temperature).
Smolt transformation is stimulated by an endogenous rhythm
in the fishes genes that causes the fish to smolt in about July. The
annual photocycle resynchronizes this endogenous rhythm so that
the fish begin to smolt in about mid-April, coincident with the
spring freshet that will carry them swiftly down the river to the sea.
Salmonids must reach a certain critical size by spring (April)
to be eligible for smolt transformation. For example, coho salmon
typically must reach a size of about 120 mm for smolt transformation to take place in the spring when they are 1.5 years old (Drucker
1972, reviewed by Hoar 1976; Hasler and Scholz 1983). In colder,
less productive regions at northern latitudes where coho do not
reach this size by age 1.5, they typically holdover in their home
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tributary and do not smolt until the following spring at age 2.5
even though they may have attained a length of 120 mm during the
previous summer or fall.
Day length and lunar cycle apparently serve as environmental
regulators (zeitgebers) that activate the neuroendocrine system in
about mid-April. The timing of smolt transformation is predictable, usually commencing on about the same date every year in
populations at a particular latitude. Consequently, lengthening
of the days in spring probably serves as an environmental cue in
synchronizing the smoltification process (Hoar 1976; Bern 1978;
Clarke et al. 1978; Wagner 1970, 1974a, 1974b; Scholz 1980; Hasler
and Scholz 1983). Lunar phase also apparently functions as a zeitgeber for synchronization of smoltification. Coho salmon and
Chinook salmon experienced thyroid hormone surges in the
spring of the year associated with the new moon in April (Grau
et al. 1981, 1982; Nishioka et al. 1983). Moreover, recoveries of adult
coho and Chinook salmon at the hatcheries where smolts were released was greatest when smolts were released near the April new
moon (Nishioka et al. 1983; Hopkins 1992).
Evidence for an endogenous rhythm comes from studies
on coho salmon and steelhead trout in which fish were held at
constant (January) photoperiod or in constant darkness and
temperature (6°C) eventually smolted in about July (Wagner
1974a, 1974b; Isaksson 1976; Scholz 1980; Hasler and Scholz 1983).
For example, when coho salmon were subjected to normal day
lengths and constant temperatures of 6°C in January, all (100%)
had parr coloration (0% were smolt colored), 38% migrated
downstream in behavior test, and 0% survived in salinity challenge test in which the parr were transferred abruptly from FW
to 35 ppt seawater (Hasler and Scholz 1983). In May, 100% had
silvery smolt coloration, 97.6% migrated downstream in behavior
tests, and 100% survived in the salinity challenge test (Hasler and
Scholz 1983). Thyroid hormone levels had increased from 1.3 to
10.1 ng/ml T₃ and 9.1 to 74.1 g/ml T₄, and cortisol had increased
from 1.4 to 40 ng/ml between January and May.
When coho or Chinook salmon were held on a constant short
day (January) photoperiod or in darkness, they failed to smolt at
the normal time in May, but by July these fish had undergone smolt
transformation (Hasler and Scholz 1983; Hoffnagle 1994). For those
fish held under constant short day, 0% were smolt colored, 31% migrated downstream in behavior tests, and 0% survived the seawater
challenge test in January; 10% were smolt colored, 34% migrated
downstream in behavior tests, and 60% survived the seawater
challenge test in May; and 60% were smolt colored, 90% migrated
downstream in behavior tests, and 100% survived the salinity challenge test in July. Thyroid hormone levels in these fish were 1.4 ng/
ml T₃ and 9.4 ng/ml T₄ in January, 1.2 ng/ml T₃ and 11.2 ng/ml T₄
in May, and 8.1 ng/ml T₃ and 67.2 ng/ml T₄ in July.
Evidence for photoperiod resynchronization of the endogenous rhythm was suggested by studies in which young pre-smolts
were subjected to an artificially accelerated photoperiod by adding several extra minutes of day length each day in January, such
that by the end of January they experienced day lengths that
they normally encountered in May. T₄ increased from 9.5 to 67.0
ng/ml and T₃ increased from 1.1 to 10.3 ng/ml or about to the
same levels as observed in fish undergoing natural smoltification in May (Hasler and Scholz 1983). Accelerating photoperiod
also caused earlier development of smolt transitions, including
increased Na+/K+ ATPase activity in gills, increased seawater
934

survival in salinity challenge tests, increased osmoregulatory capability, increased silvering, and increased downstream migratory activity (Northcote 1958; Baggerman 1960b; Johnston and
Eales 1968; Saunders and Henderson 1970; Zaugg and Wagner
1973; Wagner 1974a, 1974b; Komourdjian et al. 1976a, 1976b;
Clarke et al. 1978, 1981; Ewing et al. 1979; Scholz 1980; Zaugg 1981;
Hasler and Scholz 1983; Clarke 1989; Saunders et al. 1985, 1989;
McCormick et al. 1987, 1998; Virtanen and Sovio 1985; Duston
and Saunders 1990, 1992; Thrush et al. 1994; Berge et al. 1995).
I believe that individuals which possess the trait of being able
to resynchronize their endogenous rhythm would be highly selected for by natural selection because their survival would be
greater than fish which lack this trait. Fish lacking the trait would
migrate in July when currents are slower, resulting in the smolts
being subjected to more predation as a consequence of their
slower migration. Also, as the temperature rises over the summer,
the rate of consumption by predatory fish increases. In contrast,
those fish possessing the trait would migrate in April or May,
when currents are faster, resulting in the smolts being subjected
to less predation as a consequence of their faster migration. Also,
the water temperature is colder in April and May, which means
that predatory fish would have a lower rate of consumption.
Because enzymes work best over a rather narrow optimum
temperature range, water temperature regulates the intensity of the
smolt response. Thus, a steelhead trout in a cold mountain headwater tributary or a warm desert tributary may undergo the initial
stages of smolt transformation, but not fully develop smolt characteristics and so remain in the tributary as a resident rainbow trout.
A time-keeping role has been proposed for the pineal gland
in salmon (reviewed by Poston 1978; Ebbesson et al. 1988, 1989).
Changes in day length and lunar cycle detected by the pineal
gland are conducted by nerves to the hypothalamus where they
are converted into neurohormones that inhibit or stimulate the
production of pituitary hormones. Specifically, neurohormones,
generally termed inhibiting or releasing hormones, secreted from
the nerve endings of several types of neurons in the hypothalamus
travel through a portal network of blood vessels that connects the
hypothalamus to the anterior pituitary gland. The various inhibiting and releasing hormones activate or inhibit cells in the pituitary
gland that produce several types of pituitary hormones.
The pituitary hormones are collectively termed trophic hormones because they activate other endocrine glands. For example,
TSH-RH (thyroid stimulating hormone-releasing hormone) produced by the neurons in the hypothalamus, travels through the
portal vessels to the anterior pituitary gland where it stimulates
cells that manufacture TSH (thyroid stimulating hormone) to release TSH. TSH enters the general circulation and travels to the
thyroid gland where it stimulates the production of two thyroid
hormones—thyroxine (T₄) and Triiodothyronine (T₃). T₃ and T₄
travel through the circulatory system and activate target cells that
contain receptors for thyroid hormones. Binding of these hormones to receptors in target cells stimulate silvering, downstream
migration, olfactory imprinting, and may play a role in osmoregulation in smolts. (Mechanisms of action described below).
In another example, ACTH-RH (adrenocorticotrophic hormone-releasing hormone) from the hypothalamus activates cells
in the pituitary that produce ACTH (adrenocorticotropin). ACTH
travels through the general circulation to the interrenal gland
(the fish’s equivalent to the adrenal gland of mammals) where it
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stimulates the production of cortisol. Cortisol is a primary osmoregulatory hormone that enables smolts to survive in seawater.
(Mechanism of action described below).
Prolactin inhibiting factor (PRL-IF) secreted by still another
type of neuron in the hypothalamus turns off cells of the anterior pituitary cells that normally produce prolactin in freshwater
adapted salmon parr. Circulating levels of prolactin decline as
salmon begin smolt transformation. A number of other hormones,
including growth hormone (GH), may also be activated in this
manner. GH is involved in the development of salinity tolerance.
In addition to increasing day length, water temperature increases from 4–6°C to 10–12°C in the spring and may become optimal for many of the enzymes that regulate smolt events. However,
laboratory experiments where photoperiod was held constant but
temperature was increased from 4–6°C to 10–12°C, i.e., designed to
simulate natural spring temperature increase, produced no silvering, salinity tolerance, or downstream migratory behavior in coho
or Atlantic salmon (Hasler and Scholz 1983; Duston and Saunders
1995a, 1995b).
The silvery coloration of smolts is imparted by activation of
a second type of pigment cell, called iridocytes, by thyroid hormones. Iridocytes are goblet cells, embedded in the integument,
that manufacture silvery guanine crystals. Guanine crystals are
deposited subcutaneously over the melanophores, masking parr
marks (Robertson 1948, 1949; Johnston and Eales 1967, 1968, 1970;
Scholz and Hasler 1983). The crystals overlap and interlock, forming a surface that acts like a reflecting mirror. This arrangement affords protective camouflage in the ocean, where wave action causes
spectral points of light to dance along the surface. The guanine
mirror helps the smolt to blend in with the sea surface because the
surface light bounces off them. Thus, they blend with the dazzling
spectral points of light and are less visible to predators below them
in the water column and looking up. The backs of salmon smolts
are dark olive green and iridescent blue. These colors blend in with
deep water and afford protection from predators that are above
them in the water column and looking down.
Iridocytes are activated to produce and secrete guanine crystals by the action of thyroid hormones. Administration of exogenous TSH or thyroid extract (contained T₃ and T₄) into pre-smolt
rainbow/steelhead trout and coho salmon was soon followed by
subcutaneous deposition of guanine crystals and development of
silver color (Robertson 1949; Hasler and Scholz 1983). Scholz et al.
(1985) presented evidence that cells in the integument of steelhead
trout accumulate radioactivity labeled ¹²⁵I–T₃ and that this accumulation was reduced in the presence of nonradioactive T₃. This
occurred because the radioactive T₃ and nonradioactive T₃ were
competing for a limited number of thyroid hormone binding sites.
When large amounts of nonradioactive T₃ were added radioactive
T₃ was displaced from binding sites. This result suggested that the
integumentary system is a target tissue that contains triiodothyronine receptors.
The downstream migration of salmon smolts occurs primarily
at night. Emigrating coho, Chinook, and steelhead smolts display
strong negative phototaxis, remaining inactive near the bottom
during the day and rising to the middle of the water column at
night (Hoar 1951, 1953, 1954, 1958, 1976; Hasler and Scholz 1983).
Hoar suggested that, while smolts remain in visual contact with the
bottom, they are able to perceive cues which provides them with
positional information to orient into the current and maintain

their station, whereas fish in midwater would lose these signals and
be transported downstream by drifting passively with the current.
In contrast, Chinook, sockeye, and steelhead parr remain inactive
on the bottom during both day and night. McDonald (1960) also
thought that nocturnal migration in juvenile salmon resulted from
displacement when they lost visual contact with fixed objects in
the stream.
Ali and Hoar (1959) speculated that parr and smolts behave differently because the composition of visual pigments in their retinas
is different. Retinas of salt- and freshwater fishes contain different
light sensitive pigments. Purple-colored rhodopsin predominates
in saltwater and rose-colored porphyropsin predominates in freshwater. Retinas of euryhaline salmonids contain both types of visual
pigments; those from freshwater adapted parr usually yield more
porphyropsin, while those of seaward-migrating smolts yield more
rhodopsin (Beatty 1966; Alexander et al. 1994). The shift from porphyropsin to rhodopsin allows fish to detect shorter wavelengths
of light. The freshwater environment favors the passage of longer
wavelengths of light, while the saltwater environment favors the
passage of shorter wavelengths of light. Thus, the retinas of smolts
that have converted to rhodopsin will have spectral sensitivity
curves that are well matched to the marine environment, which
provides the fish with optimal visual acuity for the oceanic phase
of its life cycle.
Since this switch in visual pigments occurs while the fish is still
in freshwater, it may also be that the changeover from porphyropsin to rhodopsin impairs the fish’s visual acuity in freshwater, such
that it is no longer able to maintain visual contact with the bottom at night. Salmonids must be able to see the bottom in order to
exhibit positive rheotaxis (i.e., orient upstream against a current)
(Arnold 1974).
Hence, parr with porphyropsin pigment might have retinas
sensitive enough to be able to obtain visual cues that enable them
to orient into the current both during the day and at night. In contrast, smolts with rhodopsin pigment have retinas that are not so
sensitive. They may be able to obtain visual cues during the day,
but not at night. At night, when they can no longer see the bottom,
they swim up in the water column and are displaced downstream
by passively drifting on the current. Thus, the downstream migration to the sea largely occurs by passive drift rather than active
migration.
Foerster (1929) and Barnaby (1944) observed that sockeye
salmon drifted downstream tail first. In experiments where downstream migration of coho, sockeye, or Atlantic salmon smolts
was monitored by placing smolt traps in a river or by implanting
sonic transmitters on smolts (Johnson and Groot 1963; Hartman
et al. 1967; Foerster 1968; Osterdahl 1969; Chrisp and Bjornn
1978; Thorpe and Morgan 1978; Field et al. 1978; LaBar et al. 1978;
McCleave 1978; Soloman 1978; Tytler et al. 1978), the data showed
that most smolts migrated nocturnally, with the most intense activity occurring 3–4 hours after sunset (about 96% of the smolts
migrated between 2100–0300 hours). Moreover, the distance that
smolts migrated downstream in a given day closely matched the
current velocity of the stream during the night time hours.
However, in some cases in which both the velocity of the current and distance of smolt movement per unit time could be measured in the field, smolts traveled farther than expected by passive displacement alone (Johnson and Groot 1963; Hartmann et
al. 1967; McCart 1967; Stasko et al. 1973; Chrisp and Bjornn 1978).
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This was especially true of Chinook salmon and steelhead trout
smolts that entered reservoirs on the Columbia and Snake rivers.
In reaches of these rivers that were riverine, salmon and steelhead migrated passively downstream at about the same speed as
the current. However, in reservoirs they typically traveled downstream at a rate faster than the current. Groot (1965) reported
that the downstream migration of sockeye salmon through an
intricate lake system (Babine Lake, British Columbia) was a well
oriented movement in a direct route, i.e., the fish migrated downstream faster than the current through the lake and were not
caught up in wind generated eddies as would be expected if the
fish were drifting passively.
Smith (1982) noted that coho smolts slowed their seaward migration when they reached the estuary of the Columbia River and
held in the estuary before continuing their seaward migration. In
radio tracking studies (Moser et al. 1991; McMahon and Holby
1992; LaCroix and McCurdy 1996), coho salmon smolts were displaced downstream by water currents. Peak numbers entered the
estuary on spring tides at the new moon. They were retained in
the estuary by the reversing direction of the tidal currents. Smolts
usually moved in the same direction as current flow during ebb
and flood tides.
Hoar (1939) and Baggerman (1960a, 1960b) reported that the
thyroid gland became active just prior to the onset of the downstream migration in Atlantic salmon and four species of Pacific
salmon. Atlantic salmon, coho salmon, and steelhead trout presmolts that were given injections of either TSH or thyroid hormone in a solvent at time when the thyroid gland was inactive,
showed reductions in upstream orientation and aggressive behavior, and increased downstream migratory activity compared to
control fish injected with solvent alone (Godin et al. 1974; Scholz
1980; Hasler and Scholz 1983; Muzi 1984; Scholz et al. 1985).
Experiments have shown that administration of T₃ or T₄ or
TSH can induce changes in the visual pigments of rainbow trout
(Munz and Swanson 1965; Cristy 1974; Browman et al. 1992, 1994),
kokanee salmon (Beatty 1969, 1972) and coho salmon (Alexander
et al. 1994, 1998). However, exogenous thyroid injections tended
to increase the amount of porphyropsin in the visual pigments of
smolts acclimated at 15°C, whereas increased rhodopsin would be
expected. Coho smolts, acclimated at 5°C, that received exogenous
T₃ experienced a subtle reduction in the percentage of porphyropsin and increased amounts of rhodopsin (Alexander et al. 1994,
1998; Temple et al. 2008). Also, Allison et al. (2003, 2006a, 2006b)
detected 1,684 different proteins in the retina of rainbow trout. Of
these 94 increased by more than 1.5–fold and 146 decreased by
more than 1.5-fold in fish given exogenous T₃. Thus, it is clear that
thyroid hormones are affecting proteins in the retina, although exactly how these changes may promote the downstream migration
have not yet been clarified.
T₃ may also reduce the maximum aerobic swimming performance in salmon by inducing changes in muscle proteins
(Katzman and Cech 2001). One measure of swimming performance is the critical swimming velocity (Ucrit). Ucrit is measured in a
swim tunnel (respirometer) and is the maximum velocity at which
a salmon can hold its position in the tunnel without becoming fatigued. Treatment with T₃ resulted in structural changes in muscle
proteins and reduced the Ucrit value in salmon (Katzman and Cech
2001). These changes possibly contributed to the displacement of
salmon smolts downstream.
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Development of salinity tolerance and osmoregulatory capability is another important characteristic of smolts. Smolts are able to
survive for > 96 hours (usually indefinitely) in salinity challenge
tests where they are abruptly transferred from freshwater (> 1 ‰)
to full strength seawater (35 ‰) (Huntsman and Hoar 1939). Smolts
actually develop a behavioral preference of seawater and will seek
35 ‰ SW when put in a tank that offers them a choice of compartments where salinity varies from freshwater to full strength seawater
(Baggerman 1960b; McInerny 1964). Unlike parr, smolts can osmoregulate in seawater. When smolts are transferred abruptly from
freshwater (< 1 ‰) to seawater of varying salinity (10, 20, and 30 ‰,
which corresponds to blood osmotic concentration of about 280 to
857 mOsmols/L) they are able to maintain a stable blood osmotic
concentration of approximately 300 mOsmols/L in each of the tanks.
The correctional mechanisms underlying the development of
salinity tolerance in salmonids have been extensively studied. In
the ocean, the flesh and body fluids of saltwater fish and salmon
smolts are less concentrated than the water surrounding them, so
they tend to loose water to, and gain ions from, the environment.
Several osmoregulatory correctional mechanisms help them to retain water and get rid of excess salt ions. First, their kidneys shut
down i.e., there is a sharp drop in the rate of glomerular filtration
(Holmes and Stainer 1966; Holmes and Donaldson 1969). Because
the fish nephron can only produce dilute urine this can be viewed
as an adaptation to conserve water and helps to retain water in the
smolt. Second, the smolts develop a “drinking reflex” and begin to
drink water (Usher et al. 1991). Divalent cations, e.g. Ca++, Mg++,
pass through the lumen of the GI tract and are excreted with the
feces. The monovalent salt ions (e.g. Na+, K+, Cl-) and water are absorbed across the lumen of the pyloric cecae and intestine. The ions
are transported first and the water follows them by osmosis. This
process is called intestinal water transport (abbreviated Jv). An inwardly directed sodium ion pump (Na+/ K+ ATPase) appears to be
involved as evidenced by the fact that water transport is blocked
by ouabain. Ouabain is a specific inhibitor of Na+/K+ ATPase.
Ouabain binds to the K+ binding site of the enzyme, which causes
the enzyme to stop working. Surface area of the pyloric cecae and
lumen of the intestine increases coincident with the increase in the
rate of Jv (Collie and Bern 1982; Specker 1988; Usher et al. 1991;
Veillette et al. 1993; Kerstetter and White 1994). The monovalent
ions are then excreted externally across the gills, and the water is
retained in the body until it is eventually lost across osmotically
permeable surfaces.
Chloride cells that are specialized for active transport of salt ions
are embedded in the gill lamellae of salmon. Chloride cells contain
Na+/K+ ATPase, which functions as an outwardly directed sodium ion
pump, and large numbers of mitochondria which supply the energy
for the pump. In seawater, sodium (Na+) concentration is higher on
the outside than the inside of the cell and potassium (K+) is higher
on the inside than the outside of the cell. Na+/K+ ATPase bonds three
sodium ions on the inside of the cell and two potassium on the outside
of the cell and actively transports each ion against its respective concentration gradient.
Since each ion is transported against its concentration gradient,
energy from ATP is required. Na+/K+ ATPase can be envisioned as
a protein tunnel embedded in the chloride cell membrane. The enzyme shifts between two conformations. In one (low energy) conformation, the interior of the enzyme is open to the inside of the
cell and the three Na+ binding sites are opened ready to bind Na+ but
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the two K+ binding sites are shut, preventing K+ from binding. In
the second (high energy) conformation, the interior of the enzyme
is open to the outside of the cell and the two K+ binding sites are
opened ready to bind K+ but the three Na+ binding sites are shut,
preventing Na+ from binding. In the initial stages of ion transport,
Na+/K+ ATPase is in the low energy conformation and three sodium
ions from inside the cell bind to the three sodium binding sites. ATP
then interacts with the ATP binding site on the Na+/K+ ATPase. This
breaks the bond between ATP and its terminal phosphate group and
transfers the phosphate group (and its energy) to the ATPase. This
causes the enzyme to close up on the inside and open up to the outside (i.e., to assume its high energy conformation). This ejects the
sodium from its binding sites and closes them, preventing sodium
(which is in high concentration on the outside) from reattaching.
The K+ binding sites are open and bind K+. This causes the inorganic
phosphate to release from its binding site, which causes the enzyme
to reassume its low energy conformation. Thus, both Na+ and K+ are
actively transported against their concentration gradients (requires
much ATP). Chloride cells also contain numerous mitochondria
to provide this ATP by Krebs Cycle and electron transport. The gill
membrane is generally more permeable to K+ than Na+, so more K+
than Na+ leaks back across the membrane to the outside of the cell.
Thus, there has been a net removal of Na+ and charged ions across
the membrane. This ion pump is also ouabain sensitive. Ouabain
interferes with the binding of K+ which shuts the pump down.
A number of studies have shown that specific activity of gill
Na+/K+ ATPase increases during smolt transformation and that
treatment of the gill with ouabain blocks the outwardly directed
transport of sodium ions in coho salmon (Zaugg and McLain 1970,
1971, 1972; Giles and Vanstone 1976; Boeuf et al. 1978; Scholz 1980;
Hasler and Scholz 1983; Wahle and Zaugg 1982), Chinook salmon
(Ewing et al. 1980; Hart et al. 1981), kokanee salmon (Tilson 1994;
Tilson et al. 1994, 1995); steelhead trout (Zaugg et al. 1972; Adams
et al. 1976), and Atlantic salmon (Farmer et al. 1978; Saunders
and Henderson 1978; Boeuf et al. 1985; Langdon and Thorpe 1985;
McCormick et al. 1989, 1991). Gill Na+/K+ ATPase activity peaks at
about the time the smolts enter the sea. A number of hormones
appear to be involved with the development of euryhaline osmoregulatory activity and salinity tolerance in smolts.
1.

Prolactin (the freshwater hormone) concentration
usually declines by the time the smolts enter seawater
(Bern 1975; Leatherland and McKeown 1973; Clarke
and Bern 1980; Prunet et al. 1989; Young et al. 1989a,
1989b; Avella et al. 1990; Yada et al. 1991).

2.

Thyroid hormones. TSH, T₃ or T₄ injections into presmolts stimulated early development of euryhaline
osmoregulatory capability and salinity tolerance, i.e.,
survival in seawater challenge test, when parr were
placed from freshwater directly into 35 ppt seawater
(Scholz 1980; Hasler and Scholz 1983). TSH or thyroxine injection stimulated salinity preference in juvenile
salmonids (Baggerman 1963; Iwata et al. 1989; Iwata
1995; Tilson 1994). In coho salmon, Na+/K+ ATPase
activity increased concomitantly with the increase
in T₃ or T₄ measured by radioimmunoassay (Folmer
and Dickhoff 1978, 1979; Folmer et al. 1980; Scholz
1980; Hasler and Scholz 1983). Injection of TSH, T₃ or
T₄ stimulated chloride cell proliferation in the gills of
A. T. Scholz

rainbow trout (Richmann et al. 1987; Pagliarani et al.
1990) and gill Na+/K+ ATPase activity (Dickhoff et al.
1977; Scholz 1980; Hasler and Scholz 1983; Sullivan
et al. 1983; Specker and Richmann 1984; Virtranen
and Sovio 1985; Richmann et al. 1987; Specker and
Kobuke 1987; Boeuf et al. 1989; Specker et al. 1989).
TSH injections into coho salmon pre-smolts, in
sufficient doses to increase T₃ and T₄ blood serum
concentrations to levels found in natural smolts,
increased osmoregulatory activity, saltwater survival
and Na+/K+ ATPase activity. However, none of these
variables increased to a level where they matched
natural smolts (Scholz 1980; Hasler and Scholz 1983).
Ewing et al. (1985) also found that plasma thyroxine
levels did not predict gill Na+/K+ ATPase activity.
3.

Cortisol. Histological evidence suggests that both ACTH
cells in the anterior pituitary gland (Zambrano et al.
1972) and the interrenal gland of smolts become active
and begin to secrete ACTH and cortisol respectively.
Cortisol concentration increased from about 5 ng/ml
basal levels to about 40 ng/ml during smolt transformation (Specker and Schreck 1982; Hasler and Scholz
1983; Barton et al. 1985; Virtranen and Sovio 1983;
Young 1988; Tilson 1995; Tilson et al. 1994, 1995) in
coho, sockeye, and Atlantic salmon. Cortisol receptors have been documented in gills of coho salmon
(Maule and Schreck 1992; McCormick and Bern 1983),
brook trout (Weisbart et al. 1987), and rainbow trout
(McLease et al. 1994).

4.

Administration of ACTH or cortisol into pre-smolts
increased chloride cell proliferation (Peary and Wood
1985; Richmann and Zaugg 1986, 1987; Björnsson
et al. 1987; Laurent and Perry 1990; Madsen 1990)
in coho salmon and rainbow/steelhead trout and
increased Na+/K+ ATPase to levels observed in natural
smolts of Atlantic, coho, and sockeye salmon and
rainbow trout (Scholz 1980; Franklin et al. 1982;
Specker 1982; Hasler and Scholz 1983; Langhorne
and Simpson 1986; Richmann and Zaugg 1987;
McCormick and Bern 1989; McCormick et al. 1989a,
1989b; Young et al. 1989b; Bisbal and Specker 1991;
Olsen et al. 1993). Young et al. (1989b) showed that
Na+/K+ ATPase activity increased in a dose/response dependent fashion with increasing amounts of
cortisol.

5.

ACTH dissolved in physiological saline solution
injected into pre-smolt coho salmon in February, in
doses sufficient to increase cortisol concentrations
to smolt levels (as measured by radioimmunoassay),
increased Na+/K+ ATPase activity to levels observed
in smolts (Scholz 1980; Hasler and Scholz 1980).
Osmoregulatory activity and salinity tolerance were
similar to natural smolts in the ACTH injected fish
but not in control fish given placebo injections of
physiological saline solution (Scholz 1980; Hasler
and Scholz 1980). Cortisol injection also stimulated
osmoregulatory activity and development of salinity
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tolerance in rainbow and brown trout (McCormick
et al. 1987; Madsen 1990a, 1990b, 1990c; Redding et
al. 1991), coho salmon (Richmann and Zaugg 1987),
Atlantic salmon (Langhorne and Simpson 1986;
Bisbal and Specker 1991), and brook trout (Weisbart
et al. 1987).
6.

Cortisol injections stimulated intestinal water uptake
(Jv) in coho and Atlantic salmon (Collie and Bern
1972; Collie and Hirano 1987; Cornell et al. 1994). Jv
increased about 2-fold in coho salmon (Collie and
Bern 1982). In Atlantic salmon, Jv increased from 20
mL/cm²/h in control fish to 50 mL/cm²/h in fish given
exogenous cortisol (Cornell et al. 1994). It probably
increases Jv by stimulating inwardly directed Na+/K+
ATPase activity and water follows by osmosis.

7.

Growth hormone. GH producing cells in the anterior
pituitary gland are activated by increasing day length
(Komourdjian et al. 1976b; Clarke and Nagahama
1977). Circulating levels of growth hormone have a
pronounced peak during smolt transformation in
coho salmon (Sweeting et al. 1985; Sweeting and
McKeown 1987; Young et al. 1989), sockeye salmon
(Yada et al. 1991), and Atlantic salmon (Björnsson et
al. 1989; Prunet et al. 1989). Increases in concentration of circulating GH were associated with increased
osmoregulatory capability in Atlantic salmon smolts
(Clarke et al. 1977; Björnsson et al. 1989; Yada et al.
1991). Injections of porcine GH facilitated osmoregulation and survival of Atlantic and sockeye salmon in
seawater (Komourdjian et al. 1976a, 1978; Clarke et al.
1977; Boeuf et al. 1989, 1990; Collie et al. 1989; Prunet
et al. 1989; Bern et al. 1991; McCormick et al. 1999).
GH injections also stimulated chloride cell proliferation (Sakamoto et al. 1995) and Na+/K+ ATPase activity
(Richmann and Zaugg 1986, 1987; Björnsson et al.
1987, 1989; Madsen 1990b; Sakamoto et al. 1993) in
coho, Atlantic salmon, and brown trout. Interrenal activity increased after GH treatment in vitro and in vivo,
suggesting that GH may also stimulate Na+/K+ ATPase
activity by stimulating the production of cortisol.

Olfactory imprinting
Another interesting aspect of smolt transformation is that it is the
critical period for olfactory imprinting, when fish rapidly learn
odors that they subsequently use years later to relocate the stream
during their spawning migration. Evidence that the memory is
learned rather than inherited comes from studies where juvenile
salmonids were transplanted from their natal stream to a different
one before or during smolt transformation. The fish returned as
adults to the second river, suggesting that during smolt transformation salmon become indelibly imprinted to the odor of their
natal tributary that later served to identify it when adults returned
to spawn.
For example, when Rounsefell and Kelez (1938) transferred
marked, pre-smolt coho salmon from their natal river to another,
the fish migrated to sea and returned as adults to the river into
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which they had been transplanted. There is evidence that imprinting is rapid. Jensen and Duncan (1971) transplanted coho salmon
just as they began to smolt: the fish left the transplant site within two
days of being stocked there and returned to it during the spawning migration. Similar studies have been accomplished with coho
salmon (Shapovalov and Taft 1954; Donaldson and Allen 1957; Ellis
1970; Vreeland et al. 1975; Heard and Crone 1976), Chinook salmon
(Ellis 1957), sockeye salmon (Shirahata and Tanaka 1969; Scholz et
al. 1993; Tilson et al. 1994, 1995), rainbow trout (Shapovalov and
Taft 1954; Lindsay et al. 1959; Wagner 1969; Aho 1975; Cramer 1981;
Pascual et al. 1995), Atlantic salmon (Carlin 1968a, 1968b, 1969;
Hvidsten et al. 1984; Potter and Russell 1994), and brown trout
(Stuart 1959). In most of these experiments about 0.2–5% of marked
fish released were recovered, with about 95–98% (range = 80–99%)
of recovered fish captured in the stream of release.
In contrast, when Peck (1970) transplanted hatchery-raised
coho salmon into a Lake Superior tributary several weeks after the
initiation of smolt transformation, the return to the stream of release was poor, with many recoveries in other streams. Peck felt
that his fish had imprinted to the hatchery water which was not
connected to Lake Superior. Peck (1970) concluded that imprinting
terminates soon after smolt transformation begins, thereby preventing fish from becoming imprinted to other tributaries during
the course of their downstream migration.
Ellis (1957) found that Chinook salmon transplanted after smolt
transformation in a hatchery returned to the river where the hatchery was located instead of the stocking site. Stuart (1959) worked
with an adfluvial population of brown trout that grew to maturity
in Dunalastair Reservoir, Scotland and spawned in its tributaries. Stuart transplanted one group of brown trout from their natal
tributary to a different one before smolt transformation had begun,
while a second group was retained through the smolt stage before
being transferred. Fish transplanted before undergoing smolt
transformation returned to the river of release to spawn, whereas
those transplanted after smolt transformation returned to their natal tributary. Thus, in each case, the fish returned to the tributary
where smolt transformation occurred.
Two important conclusions can be drawn from these transplantation studies:
1.

The memory of the homestream is not inherited (because the fish will readily adopt the river where they
undergo smolt transformation);

2.

Homing is connected with a period of rapid and
irreversible learning, i.e., imprinting, of the cues
that identify the home stream at the time the young
salmon begin their downstream migration.

Each stream is thought to have a distinctive composition of organic chemicals that provide a unique odor bouquet to which the
fish become imprinted (Hasler and Wisby 1951). Using behavioral
conditioning techniques Hasler and Wisby (1951) trained groups of
bluntnose minnows and coho salmon to associate water from one
stream with a food reward and water from a second stream with an
electroshock punishment. When their nasal sacs were cauterized,
the trained fish were no longer able to discriminate between the
waters. Also, if the nasal sacs were cauterized before conditioning
began, the fish could not be trained to discriminate between the
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two waters. Thus, Hasler and Wisby concluded that it was the characteristic odor of each stream that was discernible by fish.
Evidence that salmon became imprinted to natural waters
comes from an experiment in which coho salmon, raised at
Leavenworth National Fish Hatchery on Icicle Creek (tributary
of the Wenatchee River), were transplanted to a spring-fed fish
holding facility located about 125 km away below Ice Harbor
Dam on the Snake River (Jensen and Duncan 1971). The fish were
transplanted just as they began to smolt. They were marked, and
held in the spring water for 48 hours before they were released
into the Snake River. During the spawning migration, marked
fish were recovered near the spring water discharge 0.8 km below
Ice Harbor Dam. None were recovered at Leavenworth Hatchery.
To determine whether the fish were actually homing to the water
in which they had been held as smolts, spring water from the
holding facility was pumped through a floating trap. As a control
river water was pumped through the trap on alternate days. No
fish entered the trap when river water was used, but 399 fish were
captured when spring water was used (Jensen and Duncan 1971).
Thus, it seems clear that spring water from the fish-holding facility was the orienting stimulus and the fish were able to learn the
characteristics of this water within two days.
In a second study, Stuart (cited in Scholz et al. 1978b) marked
a group of young brown trout in one branch of a forked stream
that flowed into Dunalastair Reservoir, Scotland. After the fish had
migrated to the reservoir all the water from the home fork was
diverted into a new channel which was connected to a different
tributary. Flow in the original tributary was maintained by water
from the second fork. During the spawning migration adult brown
trout homed to the second tributary that had water from the home
fork flowing through it in preference to the tributary that they had
swum through to enter the reservoir. Stuart’s observations clearly
indicated that fish homed to water originating from the home tributary rather than to a specific home location.
It is well documented that smolt stage salmon and trout can
imprint to the odor of their homestream and subsequently use this
information as a cue for homing during the spawning migration
(Scholz et al. 1975, 1976; Hasler et al. 1978; Hasler and Scholz 1983).
Evidence stems from studies in which coho salmon were exposed
(artificially imprinted) to synthetic chemicals—either morpholine (at a concentration of 5×10–5 mg/L) or phenethyl alcohol (at
5×10–3 mg/L)—during the smolt stage in a fish hatchery in central
Wisconsin. A third group was left unexposed (controls). Each fish
was given a fin clip that corresponded to the treatment odor it had
received. All three groups were released in Lake Michigan midway
between two test streams located 9.4 km apart.
During the spawning migration, morpholine was metered into
one of the test streams and phenethyl alcohol into the other. The
streams were checked for marked fish by conducting creel, gillnetting and electrofishing surveys. In addition, 17 other locations
were monitored to determine whether a significant number of experimental fish were straying into non-scented streams.
This experiment was conducted twice—the artificial imprinting
was done in 1973 with 5,000 fish in each group and again in 1974
with 10,000 fish per group. The spawning migrations were in 1974
and 1975 respectively. The data from both experiments showed that
in each year of the study about 4.6% of the tagged morpholine exposed fish were recovered (with 95% recorded in the morpholine
scented stream), and 2.9% of the tagged phenethyl alcohol fish

were recovered (with about 93% recorded in the phenethyl alcoholscented stream). By contrast, 2.3% of the control fish were recovered
(with 21% recorded in the morpholine-scented stream, 19% in the
phenethyl alcohol-scented stream and 60% at 11 other locations)
(Scholz et al. 1976).
Since the juvenile fish had never been exposed to either of the
test streams before being attracted to them as adults, and because the
morpholine-exposed fish homed to the morpholine scented stream
and the phenethyl alcohol-exposed fish homed to the phenethyl alcohol scented stream, Scholz et al. (1976) concluded that they were
attracted to the test streams because of the synthetic chemicals
added to them. The results demonstrated that olfactory imprinting
occurs when the fish are 18 months old at the time they undergo the
transition from parr to smolt (Scholz et al. 1976). They retained this
information for the 1.5 years they spent in Lake Michigan growing
from smolt to adult fish without again being exposed to the odor,
and used it as an orientation mechanism during the spawning season to achieve successful homing (Scholz et al. 1976).
Similar experiments have been conducted with coho salmon
(Madison et al. 1973; Scholz et al. 1973; Cooper et al. 1976), steelhead/rainbow trout (Cooper and Scholz 1976; Scholz et al. 1978a),
brown trout (Scholz et al. 1978b), and Atlantic salmon (Sutterlin
et al. 1982). In each of these studies, similar results were obtained,
indicating that olfactory imprinting may apply to many species of
salmonids.
Long-term olfactory learning during the smolt stage in coho
salmon was also indicated by electrophysiological measurements of increased peripheral olfactory sensitivity to phenylethyl alcohol from the group exposed to phenethyl alcohol as
smolts (Dittman 1994; Nevitt et al. 1994). Dittman et al. (1996)
and Dittman and Quinn (1996) exposed hatchery-reared coho
salmon to either natural hatchery waters or an artificial odor
(phenylethyl alcohol) at the alvein, parr or smolt stages and tested
the behavioral responses of adults to these odors. Two types of
tests were conducted to determine attraction: 1) fish were tested
in a two choice maze to determine if they chose the arm scented
with phenethyl alcohol; 2) phenethyl alcohol was added to the
East Fork of Issaquah Creek. Adult fish were released in Issaquah
Creek 1.2 km below the East Fork and the number choosing
Issaquah Creek or its East Fork was determined. Results of both
tests confirmed the importance of the smolt transformation as
the sensitive stage, with adults that were exposed to phenylethyl
alcohol during the smolt stage being attracted to the arm scented
with the phenylethly alcohol in the maze and by migrating into
the East Fork of Issaquah Creek. Coho exposed to phenylethyl
alcohol during the alvein or parr stages were not attracted to it in
the maze or the East Fork.
Harden-Jones (1968) and DeLacy et al. (1969) suggested that the
imprinted odor serves as a sign stimulus for releasing a stereotyped
behavior—swimming against the current (positive rheotaxis) if the
odor is present, or swimming with the current (negative rheotaxis)
if the odor is absent. Thus, if the fish made the wrong choice at a
stream junction, the imprinted odor would not be present and the
fish would swim downstream until encountering it again.
Tagging/recapture and biotelemetry studies suggest that “overshooting” or bypassing the natal tributary, i.e., making a wrong
choice at a stream junction, is a common occurrence in migrating salmonids (reviewed by Johnsen and Hasler 1980; Hasler and
Scholz 1983; Boggs et al. 2004a). It is also known that these fish rec-
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tify their errors by “back-tracking” i.e., they eventually swim back
downstream and reach their natal tributary (reviewed by Hasler and
Scholz 1983; Boggs et al. 2004a, 2004b). This type of behavior was
called “overshooting” and “proving” by Ricker (1972).
DeLacy et al. (1969) displaced Chinook salmon that had returned to a pond at the UW School of Fisheries to locations upstream and downstream from that site. Over 70% of the fish
displaced downstream and 60% of the fish displaced upstream
returned to the pond, suggesting that the presence of the homestream odor evoked positive rheotaxis and the absence of the door
evoked negative rheotaxis.
Johnsen (1978) and Johnsen and Hasler (1980) investigated
rheotaxis responses of coho salmon imprinted to synthetic
chemicals. Adult coho salmon that had been exposed to morpholine or phenethyl alcohol at the smolt stage were captured upon
their return to streams scented with those chemicals during their
spawning migration. The fish were then transported to a different
river where morpholine was either introduced or not introduced
upstream from that point. It was expected that if the imprinting
odor acted as a sign stimulus for releasing positive rheotaxis, then
morpholine-exposed fish would swim upstream if morpholine
was present and downstream if it was absent. Phenethyl alcoholexposed fish would be expected to move downstream in both cases
because their imprinting odor was never present in the study area.
Results conformed to these predictions.
In Johnsen and Hasler’s (1980) experiments, morpholine was
introduced on either the right or left banks of the river. Flow patterns of the chemical were approximated by charting the distribution of a brilliant orange dye (Rhodamine B) introduced at
the same point as the morpholine before and after each experiment. Dye introduced on one side of the channel did not extend
beyond the middle of the stream. Movements of morpholine fish
were confined to the right half of the river when morpholine was
introduced on the right side, and the left half when morpholine
was introduced on the left side (Johnsen and Hasler 1980). If a fish
swam out of the odor trail, it swam downstream until encountering
the odor again. The fish traveled along the edge of the odor trail,
passing in and out of it instead of traveling continuously within it.
Thus, by constantly sampling the odor, they avoided olfactory adaptation (i.e., the olfactory sense becoming “fatigued” to the odor).
Keefer et al. (2004a, 2004b, 2006) tracked 434 radio-tagged
Chinook salmon from 11 tributary populations in the Columbia
River from 1996–2002. At dams, the fish generally preferred to
pass through ladders located on the same side of the river as their
natal tributary was located. The salmon apparently orientated to
chemical gradients issuing from their natal tributary which flowed
downstream in a plume of water for distances of 175–200 km.
Olfactory imprinting is apparently activated by the thyroid
hormone surge that occurs during smolt transformation. Evidence
stems from studies in which pre-smolt coho salmon that were exposed to either morpholine or phenethyl alcohol in February, at a
time when thyroid hormones were at basal levels, did not become
imprinted to them (Scholz 1980; Hasler and Scholz 1983). In contrast, smolt stage coho salmon that were exposed to either morpholine or phenethyl alcohol during a thyroid surge in mid April
did become imprinted to them (Scholz 1980; Hasler and Scholz
1983).
Pre-smolt coho salmon that were injected with TSH dissolved
in physiological saline solution in February, in doses sufficient to
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elevate thyroid hormone concentration to levels observed in natural smolts in mid-April by late February, and simultaneously exposed to either morpholine or phenethyl alcohol, formed a permanent memory to those chemicals (Scholz 1980; Hasler and Scholz
1983). In contrast, control fish, injected with saline placebo or fish
injected with adrenocorticotrophic hormone, did not have elevated
thyroid hormone concentration and did not form any memory of
the chemicals (Scholz 1980; Hasler and Scholz 1983).
Behavioral tests were conducted by releasing fish about 150 m below the junction of two tributaries. Morpholine or phenethyl alcohol
could be introduced into either arm. The main feature of this study site
was that the river was dammed by a structure with two spillways, each
forming a separate tributary which became rejoined in the test area.
Thus, the background water to which the treatment odors were added
could be presumed to have uniform odor characteristics. Fish that
were exposed to synthetic chemicals (either as natural smolts in April
or those administered TSH injection in February) exhibited positive
rheotaxis (i.e., migrated upstream) when the odors were present and
negative rheotaxis (i.e., migrated downstream) when the odors were
absent. Moreover, when their exposure odor was present in one or the
other of the two tributaries, they selected the tributary scented with the
appropriate odor 95% of the time (Scholz 1980; Hasler and Scholz 1983).
In contrast, the fish that were exposed to the synthetic chemicals as pre-smolts in February, as well as control fish given saline
placebo or ACTH injections in February, exhibited negative rheotaxis no matter if odors were present or absent. Moreover, those
fish that exhibited positive rheotaxis were random in their selection of the two tributaries, suggesting that they had not become
imprinted to their exposure odor.
These investigations indicated that thyroid hormones induced
olfactory imprinting because:
1.

Thyroid hormones became elevated in mid-April
shortly before imprinting to synthetic chemicals occurred in natural smolts; and

2.

TSH injection into pre-smolts elevated thyroid hormones to smolt levels by late February and resulted
in imprinting to synthetic chemicals at that time.

Hassler and Kucas (1988) found that coho salmon exposed to
morpholine in the Mad River Hatchery, California, could be attracted to a different location from where they were released when
the new location was scented with morpholine. However, Hassler
and Kucas (1990) found that Chinook salmon exposed to morpholine at the Mad River Hatchery returned to the morpholinescented hatchery water only slightly better than controls that were
not exposed to morpholine (i.e., the returns were not significantly
different). Poor survival at sea due to poor ocean productivity and
disease potentially affected the results of this study.
Morin et al. (1989a, 1989b), Morin and Døving (1992) and
Morin et al. (1994) reported that thyroid activity was concomitant
with olfactory learning during natural and induced smoltification in Atlantic salmon. Lema and Nevitt (2004) reported T₃ also
causes proliferation of the olfactory epithelium of coho salmon.
For thyroid hormones to exert an effect on target tissue, the
hormone must first bind to a saturable receptor in the nucleus to
form a hormone-receptor complex. Saturable T₃ nuclear receptors have been found in the brain of steelhead trout (Muzi 1984;
Scholz et al. 1985; White et al. 1990). In vivo experiments involved
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injecting a tracer dose of radioactive ¹²⁵I-T₃ either alone or with a
100-fold excess of nonradioactive T₃ into steelhead smolts, then,
in each case, measuring the amount of radioactivity that accumulated in isolated brain nuclei. Radioactive T₃ accumulated and was
retained in the brain nuclei. In fish receiving nonradioactive T₃,
the uptake of ¹²⁵I-T₃ was reduced by 90% when compared to fish
receiving only radiolabeled T₃ (Scholz et al. 1985). The binding of
radiolabeled T₃ was less because nonradioactive T₃ competed with
radioactive T₃ for a limited number of T₃ binding sites in the brain
nuclei. Thus, the results of this experiment were consistent with the
hypothesis that brain nuclei contain saturable T₃ receptors.
In vitro Scatchard plot analysis revealed the presence of saturable T₃ receptors in the brain nuclei of steelhead trout (White et
al. 1990). In these experiments the nuclei isolated from the brains
of 214 steelhead trout smolts were subdivided into six samples. One
sample received only radioactive ¹²⁵I-T₃; the other five samples
received the same amount of radioactive ¹²⁵I-T₃ and increasing
amounts of non-radioactive T₃ (5 different concentrations). Both
affinity and capacity values indicated the presence of high affinity,
saturable T₃ receptors (White et al. 1990).
It is thought that hormone receptor binding activates a gene
that codes for nerve growth factor (NGF), a protein that promotes
arborization of axons and dendrites and proliferation of synaptic
contacts. Thus, thyroid hormones are thought to induce a pattern
of neural wiring that could account for the formation of a permanent long-term olfactory memory. The pattern of interconnections
stores olfactory memory in a manner similar to how electrical
connections in a computer stores memory on the hard drive. The
imprinted odor, by binding to specific receptors in the olfactory
epithelium activates the memory in the same fashion that a finger
striking a particular sequence of keys on the keyboard accesses the
stored computer memory.
Thyroid induced differentiation of brain neurons was observed
in steelhead trout undergoing smolt transformation (Lanier 1987;
Scholz et al. 1992). Golgi silver stain impregnation techniques were
used to render the axons and dendrites of individual neurons visible. Individual neurons were traced using a camera lucida while
focusing through several focal planes of a phase contrast microscope, so that the 3-dimensional neuron could be converted into
a two dimensional drawing. Lanier (1987) found that coinciding
with the thyroid surge in smolt stage steelhead:
1.

The diameter of the nerve cell bodies increased;

2.

The number of axons increased;

3.

The number of dendrites increased;

4.

The lengths of the axons increased;

5.

The lengths of the dendrites increased; and

6.

The number of synapses increased.

Each of these variables was significantly greater during the smolt
stage in late April or early May (when the thyroid hormone surge
occurred) as compared to pre-smolts in February (when thyroid
hormones were at basal levels) (Lanier 1987). Pre-smolts injected
with TSH in February, in doses sufficient to elevate thyroid hormones concentrations to levels found in natural smolts, displayed
proliferation of axons, dendrites, and synapses that resembled the

pattern observed in natural smolts (Lanier 1987; Scholz et al. 1992).
In contrast, control fish injected with saline placebo in February
did not experience increased thyroid hormone concentration or
undergo neuron proliferation.
Smolts may become sequentially imprinted as they migrate
downstream. Exposure of coho, Chinook, and Atlantic salmon
to novel waters during the smolt stage induced transient peaks in
thyroid hormones (Dickhoff et al. 1982a; Grau et al. 1985; Lin et
al. 1985; Specker and Schreck 1984; Nishioka et al. 1985; Youngson
et al. 1986, 1989; Hoffnagle 1994; Hoffnagle and Fivizzani 1990).
Quinn et al. (1989) and Pascual et al. (1995) concluded that there
may be positive feedback that stimulates additional periods of imprinting as fish pass novel water sources during their downstream
migration. Thus, salmon may become sequentially imprinted and
remember the sequence of odors. Dittman et al. (1996) have proposed a model for plasticity in olfactory imprinting that incorporates many of these ideas.
Some species of salmon, e.g., pink and chum salmon, migrate
to sea immediately or shortly after the swimup stage fry emerge
from their redds. Thus, the time at which they become imprinted to
their homestream odor occurs much earlier than in those species
that pass through a distinct smolt stage, such as coho salmon on
steelhead trout. Pink and chum salmon experience a pronounced
increase in circulating thyroid hormone levels at about the time of
swimup, when their yolk sacs were completely absorbed (Sullivan
et al. 1983; Tagawa and Hirano 1987). In contrast, Kobuke et al.
(1987) determined that thyroid levels in coho salmon were high in
the egg stage, decreased in alevins and remained low through the
swimup stage, before increasing to very high levels in smolts.
Sockeye salmon migrate to a nursery lake soon after emergence. They then remain in the lake until they are about 1.5 years
or 2.5 years old, then smolt and migrate to the sea. They return to
their natal tributary to spawn. Thus, they must become imprinted
to their natal tributary before they migrate to the nursery lakes.
Kokanee salmon are landlocked sockeye salmon that migrate to
a nursery lake soon after emergence and remain in the lake until
they return to their natal tributary to spawn. Since they leave their
natal tributary soon after emergence, imprinting must occur earlier than it does in coho or steelhead.
Thyroxine concentration was measured in eggs and larval kokanee from the time the eggs were fertilized until about 180 days
post hatching, and circulating levels of thyroid hormones were
measured from about 180 days to 540 days post hatching. Peak levels of T₄ occurred at the time of hatch, the time of emergence, and
at the smolt stage (Scholz et al. 1992; Tilson et al. 1993, 1994).
Lots of kokanee being reared in a hatchery were exposed to
either morpholine or phenethyl alcohol at 10 different life history
stages (egg, hatching, alvein, swimup fry, several fry stages and
smolt stage) and T₄ levels were monitored by radioimmunoassay
(Scholz et al. 1992; Tilson et al. 1993, 1994). Fish were retained in
the hatchery until they became sexually mature at either age 2 or
3, and were then tested in a natural Y-maze. The fish were released
approximately 50 m below the junction of the tributaries and had to
migrate 100 m up each tributary into traps to which the synthetic
chemicals were randomly added. Each fish was tested with its exposure odor in each arm and with the odor absent. For a fish to be
classified as imprinted to their exposure odor, we required that three
criteria be met:
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Downstream migration if the odor was absent;
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2.

Upstream migration if the odor was present; and

2.

3.

Selection of the tributary scented with the fish’s
exposure odor instead of the tributary scented with
the alternate odor.

The memory of this population-specific pheromone
is inherited, i.e., stored in genetic memory; and

3.

Homing adults follow pheromone trails released by
juveniles which reside in the stream, i.e., the juveniles
provide a constant source of population odor.

Results of these experiments indicated that at all exposure
stages kokanee tended to swim downstream when odors were absent. Kokanee exposed at the fertilized egg stage and the various
fry stages also tended to swim downstream when their exposure
odors were present and those that swam upstream were random
in their selection of which scented tributary they entered. Kokanee
exposed at the swimup stage and the smolt stage tended to swim
upstream when their exposure odor was present. Moreover, they
were captured predominantly in the tributary scented with their
treatment odor. These data suggested that kokanee undergo multiple periods of imprinting. The strongest imprinting was during the
swimup fry stage and smolt stage, which coincided with T₄ peaks.

Pheromones and homing
A homing hypothesis that involves pheromones emitted by juvenile fish as a source for attracting adults has been advanced by several authors (reviewed by Horrall 1981 and Liley 1982). This idea
was first suggested by G.H. Parker (cited in Chidester 1924) who
thought, “it is possible that a certain race of fish may give off emanations that differ chemically from those of other races; hence, the
return of individual races to their homestream could be attributed to
their power to sense the familiar emanation.”
In support of this idea, White (1934) and Solomon (1973) reported that streams that had previously been barren of Atlantic
salmon Salmo salar became attractive to migrating adults shortly
after juveniles were transplanted into them. White (1934), for example, planted fry in a stream that previously had never contained
salmon. Later that year adults migrated up the river for the first
time in recorded history, suggesting that “homing is influenced by
population specific pheromones or metabolic products released by juveniles.” The major drawback with this evidence is that no information was available which could definitely prove that the adults were
genetically related to the juveniles. An equally likely alternative is
that adults could have been attracted into the stream by some generalized conspecific odor. The problem, if the latter interpretation
is correct, is that generalized olfactory attractants cannot account
for the site specificity involved in homing.
In electrophysiological tests, Dizon et al. (1973) and Cooper
and Hasler (1974, 1976) noticed that toward the end of the spawning season adults ceased to respond to their imprinting odor,
morpholine or phenethyl alcohol, and, instead, began to respond
strongly to the odors of other salmon. A major point here is that
the switch occurred after most of the adults had already migrated
up the homestream and into the home tributary. Thus, conspecific
odors may not provide specific homing cues, but instead may act
as generalized attractants providing fish which have failed to home
correctly with a mechanism for attracting them to sites with other
spawning adults, thereby allowing for completion of their life cycle.
In a more advanced formulation of the pheromone hypothesis,
Nordeng (1971, 1977) proposed:
1.
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Populations or races of salmon in different streams
emit pheromones that serve to identify fish from that
particular river;

Nordeng's hypothesis is supported by a variety of behavioral
and electrophysiological data suggesting that Arctic charr, Atlantic
salmon, coho salmon, and rainbow trout are able to discriminate
between different populations of their species on the basis of the
odor differences of bile salts in the intestinal contents of each genetic strain (Nordeng 1971, 1977; Newcombe and Hartman 1973;
Solomon 1973; Døving et al. 1974, 1980; Hara and McDonald 1976;
Selset 1980; Selset and Døving 1980; Stabell 1982a, 1982b; Quinn
and Busack 1985).
Quinn et al. (1983) determined that migrating adult coho
salmon were attracted to waters that contained the odors of juvenile coho. However, they did not prefer water conditioned with
fish from their own population to water conditioned with a different strain of coho. Hence, they found no evidence that the fish
could detect population specific pheromones. Quinn and Busack
(1985) found that coho salmon preferred water conditioned by
unfamiliar non-siblings over blank water, but preferred water
conditioned by both familiar and unfamiliar siblings over water
conditioned by non-siblings. These results implied that coho recognize their siblings from other populations of conspecifics by the
pheromones they secrete.
Behavioral studies, employing a two choice maze, have demonstrated that Atlantic salmon, sockeye salmon, coho salmon, and
Arctic charr, distinguished and preferred chemical emanations
from members of their own populations over those of other populations of the same species (Stabell 1982a, 1982b, 1987; Groot et al.
1986; Olsén 1987; Quinn and Busack 1985; Quinn and Tolson 1986;
Folke et al. 1992). However, the individuals being tested and individuals producing the odors were usually held together before testing. Thus, fish being tested may have learned the odors of the odor
producing fish because they had been recently exposed to them as
opposed to a genetic memory of a population specific pheromone.
Courtenay et al. (1997) conducted experiments with coho
salmon that controlled for this problem. They found that juvenile
coho “discriminated between chemical emanations from their own
and another population. However, common rearing during the embryonic, larval, and free swimming stages rendered families more attractive to each other than they were otherwise.”
Later, Courtenay et al. (2001) determined that young coho
salmon incubating in their gravel nests in streams learn the chemical characteristics of conspecifics and retain this memory for at
least several months without reinforcement, indicating that the
memory formed was probably permanent. The fish learned these
odors during the alvein and early swimup fry stages, but not during the egg incubation stage. Thus, Courtenay et al. (2001) showed
that the permanent memory of salmon to conspecific odors was
more likely learned (i.e., related to imprinting) rather than a genetically inherited memory. Even though evidence is accumulating that salmon may use pheromones as cues for homing, it is
also clear from numerous successful transplant experiments that
homing involves imprinted as well as genetic memory. Selset and
Døving (1980) in discussing their work on migrating charr also
stated: “our results do not exclude olfactory imprinting, but make it
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likely that the possible imprinting would be to substances emanating
from the fish and not from vegetation or minerals.”
There is strong evidence that Pacific salmon can discriminate odors of different water sources without the aid of conspecific pheromones. Using reward (food) and punishment (electric
shock) for conditioning, Hasler and Wisby (1951) trained groups
of bluntnose minnows and coho salmon to discriminate between
waters collected from two Wisconsin streams. After about 30–40
conditioning trails, when “reward” water was introduced into their
test tank, the fish swam towards it prior to the reward (food) being
offered. When “punishment” water was introduced, they swam to
the opposite end of the tank before an electric shock was administered. When their nasal sacs were cauterized, the trained fish were
not able to discriminate between the waters, indicating that it is the
characteristic odor of the water that is discernible by fish. In addition, they found that trained fish were not able to identify the sample if the organic fraction was removed. Hasler and Wisby (1951)
proposed that because of difference in soil, vegetation and faunal
assemblages of their drainage basin, each stream would have a distinctive organic odor bouquet that salmon could imprint to. Since
stock specific pheromones are organic odors they could form part
of the odor complex. However, both the bluntnose minnows and
coho salmon tested by Hasler and Wisby, were able to differentiate
between the two Wisconsin streams in the absence of stock specific
pheromones, because both stocks of fish were tested to novel waters that had never been occupied by other members of their stock.
For example, the coho salmon were native to Washington State and
flown to Wisconsin for the experiment. No coho salmon had ever
been stocked in the two Wisconsin streams that provided source
water for the odor discrimination tests. Clearly, these fish were able
to discriminate the organic odors of the two streams even though
stock specific pheromones were absent.
In the artificial imprinting work with coho salmon, rainbow trout,
and brown trout (described on pages 938–940), it is unlikely that
fish homed to pheromones. In all of these experiments, there were
no young coho salmon present in the scented streams at the time the
adults were attracted to them. Since warm summer stream temperatures preclude survival of juvenile salmon in Lake Michigan tributaries, all production occurs in hatcheries separate from the tributaries.
The fish are then stocked into smolting ponds in the tributaries when
they are about 17 months old. The fish are not stocked in the streams
until just before smolt transformation and reside in them for only a
brief time, about 2 to 4 weeks, before migrating to the lake. Although it
is conceivable that the juveniles could impart their odor to the stream
system by accidentally scraping off mucus on rocks, I feel this is an
unlikely possibility in view of the short period of time the juveniles are
actually present in the stream. Yet, adults homed back to the tributary
where they were stocked with great precision (Scholz et al. 1975, 1978a).
Also, since fish stocked into different Lake Michigan tributaries were
from the same genetic stock and reared as siblings in the same raceway, a significant amount of straying from the transplant site into other
tributaries would be expected if the pheromone hypothesis is correct.
But not much straying occurred (Scholz et al. 1975, 1978a).
In the artificial imprinting experiments, differential responses
were observed in the behavior of fish with different imprinting experiences, i.e., morpholine-exposed fish homed to a morpholine
scented stream and phenethyl alcohol exposed fish homed to a
phenethyl alcohol scented stream. These fish were from the same
spawning stock and randomly separated into groups for imprinting

to different odors. The fish were stocked directly into Lake Michigan
midway between the two streams scented with either morpholine
or phenethyl alcohol. According to the pheromone hypothesis, our
different experimental groups should have displayed uniform behavior, with equal numbers from each group recovered in each test
stream, because they were related. Consequently, the fact that different experimental groups behaved distinctively, by homing to the
chemical that they had been exposed to the smolts, would seem to
rule out the possibility that the fish homed to pheromones.
Coho salmon, Chinook salmon, and chum salmon were not attracted to odors of conspecifics (Pete 1977; Colley 1981). Brannon
et al. (1984) found the response of salmon to homestream water
by itself was not different from their response to the home water
containing other fish from their population. Groot et al. (1986)
tested two populations of sockeye salmon from Great Central Lake
and Sproat Lake on Vancouver Island in a Y-maze. Sockeye from
Great Central Lake preferred water containing the scent of their
own population but no such preference was evident in the Sproat
Lake sockeye.
Additionally, Sutterlin et al. (1982) found that Saint Croix River
stock Atlantic salmon, reared as smolts at a marine site 12 km from
their parent stream, returned to the marine site after having spent
13–25 months at sea. A group of smolts chemically imprinted with
morpholine in saltwater had the highest rate of return. Their results are difficult to explain in terms of the proposed pheromone
hypothesis because no juvenile salmon from the Saint Croix River
were present at the salt-water-imprinting site, and yet the experimental fish homed there. The experimental fish homed preferentially to this site even though their parent stream, with a population
of Atlantic salmon presumably emitting race specific pheromones,
was located only 12 km away. Sutterlin et al. (1982) concluded: “If
such pheromones are operative, it would appear that their influence
can be over-ridden by other directive factors.”
Results of experiments with Columbia River Chinook salmon
were also difficult to explain in terms of the pheromone hypothesis
(MacIsaac and Quinn 1988). A total of 236,000 fall Chinook from
the Hanford Reach of the Columbia River were reared at a hatchery
located in the Hanford Reach and released on site. A total of 221 of
them returned to the Hanford Reach Hatchery, 157 spawned naturally in the Hanford Reach, 3 were captured at other locations and
142 were harvested by Indian fisheries above Bonneville Dam. A
total of 201,500 fall Chinook from the Hanford Reach were reared
and released at Bonneville Hatchery. A total of 564 of them homed
to Bonneville Hatchery, 76 spawned in the Hanford Reach, 1 returned to the Hanford Reach Hatchery, and 253 were harvested by
Indians between Bonneville Dam and the Hanford Reach. Hanford
Reach fall Chinook salmon released at Bonneville Hatchery homed
to Bonneville Hatchery. Hanford Reach fish raised at the Hanford
Reach Hatchery naturally migrated past Bonneville Hatchery,
which contained the conspecific (and stock specific) odors of
many Hanford Reach fish that returned to Bonneville Hatchery.
According to the pheromone hypothesis, they should have been
decoyed into Bonneville Hatchery. Brannon and Quinn (1990) also
found that adult coho salmon bypassed a hatchery along their migration route that contained adults of their population and juveniles directly related to them (full siblings) and, instead, returned
to their release site. The fact that fish in both of these experiments
bypassed the hatchery and, instead, returned to their respective
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release site indicated that the fish were not using pheromones for
homing.
Courtenay et al. (1997) concluded:
“Ironically, as the evidence mounts that populationspecific odors exist and permit population recognition, a
growing body of evidence indicates that homing does not
depend on these odors. [A variety of studies] indicated
that salmon homing is neither initiated nor guided by
the odors of juvenile population members. This is not to
suggest that conspecific odors play no role in salmon migration. They are probably one component of the characteristic odor which is learned by juvenile salmon and subsequently sought in the final stages of homing.”
Courtenay et al. (1997) speculated that conspecific odors may
function in mate recognition on the spawning grounds rather than
guiding spawning adults to the spawning ground.

Genes, electromagnetism, and homing
Ricker (1972) marshaled evidence that, in addition to imprinted
memories, there is also a heredity component to homing by
salmon. Bams (1976) tested this hypothesis. He transplanted pink
salmon eggs from their original tributary (donor stream) to a second one (recipient stream). One group of donor stream eggs was
cross-fertilized by males from the recipient stream; while the other
groups were pure bred donor stream fish transplanted into the recipient stream. Both groups were raised in the recipient stream and
then marked before they migrated to the sea. About equal numbers of both groups left the recipient stream, but only about half as
many from the pure donor stream stock as from the hybrid stock
returned to it. Bams concluded that, “imprinting alone brought
back some of the pure donor stock,” and “addition of the local male
genetic component improved the return to the river of release.”
Brannon (1967, 1972) and Raleigh (1967, 1971) investigated genetic control of migratory behavior of newly emerged sockeye
salmon fry from inlet or outlet streams into their nursery lakes.
Sockeye salmon fry emerging from their spawning grounds in an
inlet tributary had to migrate downstream to reach their nursery
lake, whereas sockeye fry emerging from their spawning gravel in
an outlet tributary had to migrate upstream to reach their nursery lake. Brannon and Raleigh collected water hardened sockeye
salmon eggs from an inlet, an outlet, and beach spawners that had
spawned along the shoreline of the lake and incubated them in fish
hatcheries remote from their nursery lake. The recently emerged
fry were tested to determine their response to water currents. In
both experiments, fry developing from outlet eggs exhibited a
strong preference (82%) to swim upstream (positive rheotaxis), fry
developing from inlet eggs exhibited a strong preference (80%) to
swim downstream (negative rheotaxis), and fry developing from
shoreline spawners randomly swam upstream or downstream.
Similar experiments with rainbow (Lindsey et al. 1959; Northcote
1962; Kelso et al. 1981; Kelso and Northcote 1981), cutthroat (Raleigh
and Chapman 1971; Bowler 1975), Atlantic salmon (Nemeth et al.
2003) and arctic grayling (Kaya 1989; Kaya and Jeanes 1995) yielded
similar results, indicating that fry migration from inlet or outlet
tributaries into lakes are under innate control. This was confirmed
by showing that in rainbow trout the directional preference was
determined by simple Mendelian inheritance (Brannon 1967;
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Kelso et al. 1981). When placed in a tank, fry resulting from inlet
spawners crossed with inlet spawners swam downstream, fry from
outlet spawners crossed with outlet spawners swam upstream, and
fry of inlet spawners hybridized with outlet spawners moved upstream and downstream at frequencies of about 50% (fry consistently moved in the same direction as the male parent).
In addition to the innate positive or negative rheotaxic response,
sockeye fry may also possess an innate directional preference that helps
them to reach their nursery lake. Lake Washington sockeye fry, born
in an inlet tributary (Cedar River), migrated downstream in a northwesterly direction to reach the lake. Chilko Lake sockeye fry, born in
an outlet tributary (Chilko River), migrated upstream in a southerly
direction to reach the lake. Fry from each location were tested in a circular tank to determine their directional preference in the absence of
current (Quinn 1980, 1981; Quinn et al. 1981). Fry from the Cedar River
oriented in a northwesterly direction and fry from the Chilko River
oriented in a southerly direction. Thus, it was apparent that the fish
possessed not only genetically inherited responses to water currents
but also genetically inherited directional preferences.
How did the fish determine the direction? The tank was
equipped with a magnetic coil that was capable of rotating the
earth’s magnetic field 90° counter clockwise, so that magnetic north
was pointed approximately west. The fish were tested in an uncovered tank with a clear view of the sky or in a covered tank, with
the magnetic coil switched off or on in each case. The tests were
performed during the day and at night. During the day the Cedar
River fish oriented in a northwesterly direction and the Chilko
River fish oriented in a southerly direction when the magnetic coil
was turned off or turned on in the uncovered tank (Quinn 1980,
1981; Quinn et al. 1981).
In covered tanks, with the magnetic coil switched off the fish still
oriented in these directions. However, in covered tanks with the magnetic coil switched on Cedar River fry oriented in a southwesterly direction, and Chilko River fry oriented in easterly direction i.e., they
shifted their direction approximately 90° counter clockwise (Quinn
1980, 1981; Quinn et al. 1981). At night, fish in the uncovered tanks
with the magnetic coil turned off oriented in a northwesterly direction
(Cedar River fry) or southerly direction (Chilko River fry). At night,
fish in covered tanks shifted their direction approximately 90° counter
clockwise (Quinn 1980, 1981; Quinn et al. 1981).
These data suggest that during the day sockeye fry use celestial
cues, possibly a sun compass orientation mechanism, to provide
them with directional information. At night, or when their view
of the sky is obscured, they apparently use electromagnetic cues to
provide them with directional information.
Collectively, Quinn’s results imply:
1.

Sockeye fry possess an innate directional preference
that directs them in an appropriate compass heading
to reach their nursery lake, and

2.

Celestial and electromagnetic cues give them the
compass heading.

Similar experiments with chum (Quinn and Groot 1984) and
Chinook (Taylor and Larkin 1986) salmon produced similar results.
Sockeye smolts also possess an innate program of directional
preferences that guides them to the outlet of their nursery lake during their downstream migration to the sea (Johnson and Groot 1963;
Groot 1965). Babine Lake, British Columbia, is a large, complex sock-
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eye nursery lake with several arms. Sockeye smolts rearing in each
arm are known to make migrations to the outlet by the most direct
route, requiring them to make several changes in compass direction.
Smolts were not able to orient to downstream water currents
within the lake because the portion of the water column they were
traveling in was affected predominantly by random wind generated
currents (Johnson and Groot 1963). Also, smolts were unable to use
either shoreline landmarks or lake bottom topography to direct their
movements since they swam in the middle of the water column out
of sight of the lake shoreline and bottom (Johnson and Groot 1963).
Groot (1965) tested Babine Lake sockeye smolts in a circular
tank removed from the lake. Fish taken from each arm of the lake
and placed in this test arena oriented in the same direction(s) for
the same amounts of time as that population did in the lake. This
study suggested that sockeye smolts from each inlet population
possess an innate program of directional preference(s) that helps
them locate the outlet. This genetic guidance mechanism apparently provides the fish with a sequence of both azimuth (compass
bearing) and distance that must be traveled before making a required turn.
Groot (1965) documented that smolts probably used celestial
cues (sun compass) to provide directional cues. However, smolts
were still able to orient properly even when the test arena was covered, effectively blocking both the sun and polarized light. Groot
concluded that an undetermined orientation system operates in
the absence of these cues and referred to this component as “type
x” orientation.
Babine Lake sockeye smolts were subsequently tested in a
circular tank equipped with an electromagnetic coil that rotated
the magnetic field 90° counterclockwise from north (Quinn and
Brannon 1982). With a view of the sky, the smolts oriented towards
the lakes outlet when the magnetic coil was switched either off or
on. In covered tanks, with their view of the sky obscured, smolts
in tanks with the magnetic coil switched off still oriented toward
the lakes outlet; but in tanks with the magnetic coil switched on, in
a field rotated 90° counter clockwise, the smolts oriented at about
60° in a counter clockwise direction from the axis of fish tested in
the normal field. Based on these results, Quinn and Brannon (1982)
concluded that Groot’s (1965) “type x” orientation may have been
related to detection of electromagnetic fields. In summary, Groot’s
(1965) and Quinn and Brannon’s (1982) studies indicated that:
1.

Sockeye smolt emigration is guided by an innate (genetic) program of directional preference that directs
them in an appropriate compass heading to reach the
outlet of their nursery lake, and

2.

Celestial and electromagnetic cues give them the
compass heading.

Quinn (1980) reasoned that if juvenile salmon possess the ability to use electromagnetic cues in association with an innate program of directional preference, than it is likely that salmon adults
also have a similar capability. Quinn speculated that the highly
patterned adult migrations in the ocean are cued at least in part
by magnetic field perception. Adult salmon feeding in the North
Pacific Ocean migrate south of the Aleutian chain in a counterclockwise gyre. At specific times of the year and at particular geographic locations specific stocks break out of this pattern and swim
to the mouth of the home river. Detection of the earth’s geomag-

netic field may be of particular importance to salmon in the North
Pacific Ocean, which is overcast most of the time with layers of
clouds that block out the sun’s position in the sky.
Quinn (1982a, 1984a) and Lohmann et al. (2008a, 2008b) proposed a model for adult salmon migration on the high seas that involved either a genetically inherited map sense that identified their
home river or geomagnetic imprint of the location of the mouth of
their home river as they entered the ocean. “Two magnetic elements
(including angle and intensity) vary predictably across the globe, and
endow different geographic areas with unique magnetic signatures.
The magnetic field of the earth resembles that of a bar magnet. Field
lines leave the southern hemisphere and reenter in the northern
hemisphere. At each location on the globe, the magnetic field lines intersect at the Earth’s surface at a specific angle of inclination. Hence,
inclination angle varies predictably at a given latitude” (Lohmann
et al. 2008b). They further suggested that salmon could determine
their location relative to home based on inclination (or dip) and
declination (angle between the geographic and magnetic poles) of
the earth’s magnetic field. They then used a compass, based either
on celestial (sun compass) or geomagnetic cues, to maintain their
heading towards home.
Putnam et al. (2013) tested the hypothesis “that salmon imprinted on the magnetic field that exists where they first enter the
sea and later seek the same field upon their return.” They analyzed a
56 year set of data on Fraser River sockeye salmon. As adults these
sockeye detour around Vancouver Island to enter the Fraser River.
Those that detour around the eastern side of Vancouver Island approach the Fraser River from the north–through Queen Charlotte
Straits and the Strait of Georgia. Those that detour around the
western side of the island approach the Fraser River from the route
through the Strait of Juan de Fuca and San Juan Islands. Putnam
et al. found that the proportion of sockeye using each route was
predicted by the geomagnetic field drift near Vancouver Island at
the time the smolts first migrated into the ocean out of the Fraser
River. In years when the difference between the magnetic field at
Queen Charlotte Strait and the Fraser River was small as smolts
entered the ocean, a greater proportion of adults returned via the
northern route. In years when the difference between the magnetic
fields in the Strait of Juan de Fuca and the Fraser River was small
as smolts enterd the ocean, a greater proportion of adults returned
by the southern route. Magnetic field drift accounted for 16% of
the variation in migratory route used. This study provided “the first
empirical evidence of geomagnetic imprinting in any species.”
Chinook, chum, sockeye salmon, and rainbow trout have an
organ in the dermoethmoid cartilage that contains crystals of the
ferromagnetic mineral magnetite (Fe₃O₂) (Kirschvink et al. 1985,
2001; Walker et al. 1988; Mann et al. 1988; Ogura et al. 1992). In
rainbow trout, receptor cells containing magnetite have also been
found in the olfactory lamellae (Diebel et al. 2000). In Atlantic
salmon a receptor containing millions of crystals of magnetite occurs in the lateral line (Moore et al. 1990). In each case, bundles
(chains) of magnetite are associated with neural dendrites. It is
thought that the magnetite interacts with these neurons to de-polarize them, sending an electrical signal into the brain. Magnetite,
which has magnetic properties, appears to respond to the earth’s
magnetic field, giving the fish the ability to navigate the ocean.
Thus, if the fish has a genetic memory, or, perhaps, an imprinted
(learned) memory, of where home is, it may also be able to com-
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pare its current map position to the position of where home is and
migrate in an appropriate compass direction to get there.
Thus, it seems clear that homing by salmon is accomplished in
two stages by different mechanisms (Hasler 1966; Harden-Jones
1968; Hasler and Scholz 1983; Brannon 1984; Hanson et al. 1993).
During the open water phase, in the ocean, the fish use either celestial cues (e.g. sun compass, Hasler 1966) or the earth’s geomagnetic
field (used at night and during overcast) to give them a compass
direction. During their upstream migration phase, in their home
river, the fish use an imprinted olfactory memory of their homestream water, including the odor bouquet of the organic chemicals and possibly population specific pheromones, to relocate their
home tributary.

5. They are fall spawners and semelparous. Kokanee
are land-locked sockeye that migrate into a nursery
lake immediately after emergence and return to their
home streams at age 2, 3, or 4.
•

Chinook salmon usually migrate to sea at an age of
0.5 years (ocean type Chinook) or 1.5 years (stream
type Chinook). They remain at sea from 2–6 years
before returning to spawn at age 3–7. They are fall
spawners and semelparous.

•

Atlantic salmon usually migrate to sea at age 1.5–2.5.
They usually remain at sea for 2–3 years and return to
spawn for the first time at age 3–5. They live a maximum of 8 years. They are fall spawners and iteroparous.
Sebago salmon are a land-locked variety of Atlantic
salmon with adfluvial life history, that migrate to a lake
at age 1.5 and spawn at age 3 or 4.

•

Brown trout (sea run variety) usually migrate to sea
at age 1.5. Most males become sexually mature at
age 3–4 and most females at age 4–5, after spending
1.5–2.5 or 2.5–3.5 years at sea respectively. They are
fall spawners and iteroparous.

•

Bull trout that live in the Columbia Basin above
Bonneville Dam are usually not anadromous.
Instead, they exhibit a resident, fluvial or adfluvial life
history. Bull trout and Dolly Varden that live along
the coast or in the Columbia Basin below Bonneville
Dam usually migrate to sea at age 1.5 or 2.5. They are
fall spawners and iteroparous.

•

Brook trout rarely migrate to the ocean. They become
sexually mature in 2–3 years and seldom live longer
than 5 years. They are fall spawners and iteroparous.

•

Lake trout rarely migrate to the ocean. They become
sexually mature at about age 6 or 7 and commonly live
to 12–15 years (up to 22 years). They are fall spawners
and iteroparous. They are primarily lake dwelling
and spawn either along the shoreline or over offshore
reefs.

Ocean life
Different species of Salmoninae migrate to the ocean at different
ages and remain at sea for various lengths of time before they become sexually mature and return to their home streams:
•

•

Cutthroat trout enter saltwater from age 1–3 (most at
2 or 3). They usually remain at sea for one year and
return to spawn at age 3 or 4. They spawn in spring
and are iteroparous. Often cutthroat trout return to
freshwater after spending 3–6 months in the ocean
but do not spawn. Instead they overwinter in fresh
water and migrate to the ocean again during the next
spring. During this freshwater migration they do not
necessarily return to their homestream. However,
during subsequent migrations they usually do return
to their homestream.
Pink salmon migrate to the ocean shortly after fry
emerge from their redds at age 0. They almost invariably return to spawn at age 2. They are fall spawners
and semelparous.

•

Chum salmon migrate to the ocean at age 0 after
spending a few (up to six) months in freshwater. They
remain at sea for 3–5 years, with most fish returning
at age 4. They are fall spawners and semelparous.

•

Coho salmon usually migrate to the ocean at age
1.5. They almost invariably return after spending 11⁄2
years in the ocean to spawn at age 3, although some
precocious fish called jacks (males) or jills (females)
return to spawn after spending 6 months at sea at age
2. They are fall spawners and semelparous.

•

Steelhead trout migrate to the ocean at age 1–9,
usually at age 2 or 3 in wild population and age 1 in
hatchery populations. They spend either 1 or 2 years
at sea before returning to spawn for the first time at
age 3–5. They are spring spawners and iteroparous.

•

Sockeye salmon migrate out of the natal tributary to
a nursery lake soon after emergence from the gravel.
They remain in their nursery lake until they migrate
to the ocean at age 1.5 or 2.5. They usually spend 1.5 to
3.5 years at sea before returning to spawn at ages 3 to
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Adult reproductive migrations
The spawning migration is initiated by transitions in the endocrine
system (Poston 1978). Decreasing day length after the summer solstice activates production of gonadotropin (Donaldson et al. 1972a,
1972b; Crim et al. 1975; Breton and Billard 1977; Crim 1991).
Sex hormones increase dramatically during the spawning season in salmonids. Radioimmunoassay of blood serum estradiol 17β
in female rainbow trout and coho salmon showed that this hormone increased from basal levels of about 125–213 pg/ml in the
pre-migratory stage to 4,800–7,684 pg/ml during the upstream
migration stage (Whitehead et al. 1978; Hasler and Scholz 1983).
To put these numbers in perspective, in female mammals sex
hormones fluctuate from basal levels of about 25 pg/mL to peaks of
about 250 pg/mL during estrous or 50 pg/mL to 750 pg/mL during
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menstrual cycles, so, in comparison to mammals, salmonids truly
have raging hormones. In coho salmon, in a one month period
when these fish are migrating upstream estradiol 17β increased up
to 249 pg/mL each day (Hasler and Scholz 1983).
Increases in estradiol 17β or testosterone in coho salmon was
correlated with increasing olfactory sensitivity to water from the
home river or to their synthetic imprinting chemical (Cooper and
Hasler 1973; Hasler and Scholz 1983). Hasler and Scholz (1983) speculated that increased levels of sex hormones increase olfactory sensitivity to homestream odors, thereby preventing olfactory adaptation (i.e., fatigue of the olfactory sense to the odor) as they migrate
continuously in waters containing the odor as they travel upstream
for long distances.
During the spawning migration, salmonids stop feeding and
mobilize fat and protein reserves stored in muscle to fuel the upstream migration and manufacture gametes (Doucette et al. 1999).
Muscle fat content was 15–20% at the start of the migration compared to 1–2% by the time the fish arrived at the spawning grounds in
Chinook and sockeye salmon (reviewed by McKeown 1984). Muscle
mass can be reduced by about 50% and muscle protein by about 33%
over the course of the spawning migration (reviewed by McKeown
1984). Spring Chinook salmon migrating up the Columbia to the
upper Yakima River used 97–99% of their muscle lipid stores and
76–81% of their visceral lipid stores (Mesa and Magie 2004). The loss
of carbohydrate, lipid and protein stores in coho salmon depended
on the distance traveled (Kruger et al. 1968). Thus, Kinnison et al.
(2001) concluded that increased energetics costs associated with
longer reproductive migration translates into reduced investments
in other aspects of reproduction such as gamete production. In part,
salmon make up some of this loss by metabolizing other tissues such
as the internal digestive organs and converting them into energy
during the upstream migration. Aspects of energetics, locomotion,
growth and nutrition were reviewed respectively by Brett (1995),
Webb (1995), Weatherley and Gill (1995) and Higgs et al. (1995).
Optimal swim speed of an adult sockeye salmon tested in a respirometer was estimated at 1.8 km/h or 43 km/day (Brett 1983). In
coastal areas, ultrasonic tracking studies indicated sockeye salmon
traveled at 2 km/h (Madison et al. 1972; Stasko et al. 1976). Sockeye
tagged about 1000 km away from their spawning grounds in the
Fraser River traveled 45 km/day to reach their spawning ground
(Healey and Groot 1987).
As the fish migrate upstream secondary sexual characteristics
appear, stimulated by the high levels of sex hormones. For example, the sides of both male and female sockeye salmon turn bright
red and heads turn bright green, males develop pronounced hooks
(called kypes) on their upper jaws and sometimes a pronounced
nuchal hump. Extremely high levels of corticosteroids are also
present and stimulate the conversion of various body tissues into
energy. By the time of spawning the gastrointestinal tract is almost
completely reabsorbed and the entire body cavity is filled with ripe
eggs or milt. Eggs are initially contained in an ovarian membrane
called a skein. Just before spawning, the skein dissolves and the
eggs become loose in the body cavity.
The adults usually die within 2–10 days after spawning, leaving their progeny to migrate downstream, grow to maturity in the
ocean, and repeat the cycle.

Ecological role of salmon

Anadromous salmon play a pivotal role in the ecosystems of the
Pacific Northwest because they link oceanic to freshwater, and
aquatic to terrestrial, food webs. Salmonids are consumed at egg,
parr, smolt, subadult, and adult life history stages by a variety of
fishes, birds, and mammals. Cedarholm et al. (2000, 2003) reported that 137 species of wildlife in Washington are dependent
upon salmon to some degree. Salmon are consumed by 54 species
(representing 15 orders and 24 families) of fishes, 2 species (one
order, one family) of amphibians, five species (two orders, three
families) of reptiles, 90 species (11 orders, 26 families) of birds
and 45 species (6 orders, 17 families) of mammals (Table 14.1).
Additionally dead adult salmon carcasses are consumed by numerous organisms including many species of bacteria, fungi, and
aquatic insects not listed in Table 14.1. Moreover, many additional
species are indirectly dependent upon salmon, because they eat organisms that consume salmon. For example, the American dipper
or water ouzel Cinclus mexicanus eats carnivorous aquatic insects
that consume the carcasses of decaying salmon.
Salmon are a component of biogeochemical nitrogen, phosphorous, and carbon cycles. There is a constant loss of nutrients (nitrogen and phosphorous) from salmon rivers to the ocean. Nutrients
converted into salmon flesh during their residence in the ocean
are carried back upstream and recycled through decomposition
of their carcasses. Nutrients released by this process fuel primary
and secondary production in freshwater and terrestrial habitats
(Cedarholm et al. 1999). Thus, migration and homing of salmon
appear to constitute an energy efficient recycling system that operates at the ecosystem level of biological organization. Like Krebs
cycle, which is an energy efficient recycling system that operates at
the molecular/cellular level of biological organization, the example
of the salmon explains how complex structural organization and
behavior can evolve in apparent contradiction to the Second Law
of Thermodynamics (Law of Entropy Increase).
Because salmon are prey for so many species of fish and wildlife,
link oceans to freshwater and freshwater to terrestrial ecosystems,
and play a central role in the biogeochemical recycling of essential
nutrients, they are considered to be a keystone species. Therefore,
reduction in the numbers of salmon has potential to cause a cascading trophic interactions with many ecological consequences.
Salmon rivers of the Columbia Basin were historically nutrient
poor because nitrogen and phosphorus that entered steep gradient headwaters during the spring runoff were carried away to the
ocean on swift currents before they could be assimilated by primary producers (i.e., phytoplankton or periphyton). Constant loss
of nutrients from salmon rivers to the sea made them unproductive because primary producers were not sufficiently fertilized by
nitrogen and phosphorus to manufacture biological macromolecules (e.g. proteins, nucleic acids, and lipid membranes). Thus,
only a limited amount of the carbon fixed by primary producers
during photosynthesis was incorporated into carbon skeletons
that formed biological macromolecules. Absent the salmon, these
streams were unproductive. Addition of salmon, however, dramatically reversed this condition because anadromous Pacific salmon
and trout transported marine nutrients into freshwater ecosystems.
Since anadromous salmonids do not feed after entering freshwater,
the nutrients released by their devoured or decomposing carcasses
are of marine origin.
Nutrients converted into the flesh of anadromous salmon during their residence in the ocean are carried upstream to home
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Table 14.1

Species of fish, amphibians, reptiles, birds and mammals known to be dependent upon salmon. Amphibians, reptiles and
most of the birds and mammals in this list were identified by Cedarholm et al. (2000, 2003) (see text for additional references). Fish were compiled by me from examination of Carl et al. (1959, 1967), Clemens and Wilby (1961), Lineweaver and
Backus (1970), McPhail and Lindesy (1971), Miller and Lea (1972), Hart (1973), Scott and Crossman (1973), Wydoski and
Whitney (1979, 2003), Simpson and Wallace (1982), Castro (1983), Eschmeyer et al. (1983), McGinnis (1984), Lamb and
Edgell (1986), Goodson (1988) Tricas et al. (1997), Allen (1999), Compagne et al. (2005), and other original sources that are
described in the section on fish food habits. FW = freshwater, SW = saltwater. (Page 1 of 6.)

Order

Family

Scientific Name

Common name

Fish
Acipenser medirostris

green sturgeon (FW / SW)

Acipenser transmontanus

white sturgeon (FW / SW)

Cololabias saira

Pacific saurey (SW)

Clupeidae

Alosa sapidissima

American shad (FW / SW)

Catostomidae

Catostomus catostomus

longnose sucker (FW)

Catostomus columbianus

bridgelip sucker (FW)

Catostomus macrocheilus

largescale sucker (FW)

Catostomus platychynchus

mountain sucker (FW)

Ptychocheilus oregonensis

northern pikeminow (FW)

Richardsonius balteatus

redside shinner (FW)

Esox lucius

northern pike (FW)

Esox luclius x E. masquinongy

tiger muskellunge (FW)

Gadus macrocephalus

Pacific cod (FW)

Lota lota

burbot (FW)

Theragra chalcogrammus

walleye pollock (FW)

Acipenseriformes

Acipenseridae

Beloniformes

Scomberesacidae

Clupeiformes
Cypriniformes

Cyprinidae

Esociformes

Gadiformes

Esocidae

Gadidae

Gasterosteiformes

Gasterasteidae

Gasterosteous aculeatus

threespine stickleback (FW / SW)

Pleuronectiformes

Pleuronectidae

Hippoglussus stenolepis

Pacific halibut (SW)

Platichthys stellatus

starry flounder (SW)

Perciformes

Anoplopomatidae

Anoplopoma fimbria

sablefish (SW)

Carangidae

Trachurus symmetricus

jack mackerel (SW)

Centrarchidae

Micropterus dolomieui

smallmouth bass (FW)

Micropterus salmoides

largemouth bass (FW)

Moronidae

Morone saxatilis

Striped bass (FW / SW)

Percidae

Perca flavescens

yellow perch (FW)

Sander vitreus

walleye (FW)

Euthynnus pelamis

skipjack tuna (SW)

Sarda chiliensis

Pacific bonito (SW)

Scomber japonicus

Pacific mackerel (SW)

Thunnus alaunga

albacore (SW)

Thunnus albacares

yellowfin tuna (SW)

Thunnus thynnus

bluefin tuna (SW)

Lampetra ayresi

river lamprey (FW / SW)

Lampetra tridentata

Pacific lamprey (FW / SW)

Oncorhynchus mykiss

coho salmon (FW / SW)

Prosopium coulterii

pygmy whitefish (FW)

Prosopium williamsoni

mountain whitefish (FW)

Scombridae

Petromyzontiformes

Salmoniformes

Petromyzontidae

Salmonidae
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Table 14.1 continued Species of fish, amphibians, reptiles, birds and mammals known to be dependent upon salmon. (Page 2 of 6.)
Order

Scorpaeniformes

Family

Cottidae

Scientific Name

Common name

Salmo trutta

brown trout (FW)

Salvelinus confluentus

bull charr (FW)

Salvelinus malma

Dolly varden charr (FW / SW)

Cottus aleuticus

coast range suclpin (FW)

Cottus asper

prickly sculpin (FW)

Cottus bairdi

mottled sculpin (FW)

Cottus beldingi

piute sculpin (FW)

Cottus cognatus

slimy sculpin (FW)

Cottus marginatus

margined sculpin (FW)

Cottus rotheus

torrent sculpin (FW)

Enophrys bison

buffalo sculpin (SW)

Hexagrammidae

Ophiodon elongatus

lingcod (SW)

Siluriformes

Ictaluridae

Icitalurus punctatus

channel catfish (FW)

Squaliformes

Carcharchinidae

Prionace glauca

blue shark (SW)

Lamnidae

Alopias vulpinus

thresher shark (SW)

Carcharodon carcharias

white shark (SW)

Lamna ditropis

salmon shark (SW)

Somniosus pacificus

Pacific sleeper shark (SW)

Squalus acanthias

spiny dogfish (SW)

Mola mola

ocean sunfish (SW)

Squalidae

Tetradontiformes

Molidae

Amphibians
Caudata

Dicamptodontidae

Dicamptodon aterrimus

Idaho giant salamander

Dicamptodon tenebrosus

Pacific giant salamander

Reptiles
Squamata

Testudines

Colubridae

Thamnophis couchii

Pacific coast aquatic garter snake

Thamnophis elegans

Western terrestrial garter snake

Thamnophis sirtalis

common garter snake

Chelydridae

Chelydra serpentina

snapping turtle

Emydidae

Clemmys marmorata

Western pond turtle

Birds (Aves)
Anseriformes

Anatidae

Anas crecca caroliensis

green-winged teal

Anas platyrhynchos

Mallard

Aythya affinis

lesser scaup

Aythya marila

greater scaup

Aythya valisineria

canvasback

Branta canadensis

Canada goose

Bucephala clangula

common goldeneye

Bucephala islandica

Barrow’s goldeneye

Cygnus buccinator

trumpeter swan

Histrionicus histrionicus

harlequin duck

Lophodytes cucllatus

hooded merganser

Melanitta fusca

white-winged scoter

Table 14.1 continued on next page.
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Table 14.1 continued Species of fish, amphibians, reptiles, birds and mammals known to be dependent upon salmon. (Page 3 of 6.)
Order

Charadriiformes

Family

Scientific Name

Common name

Melanitta perspicillata

surf scoter

Mergus merganser

common merganser

Mergus serrator

red-breasted merganser

Brachyramphus marmoratus

marbled murrelet

Cerorhinca monocerata

rhinoceros auklet

Fratercula cirrhata

tufted puffin

Synthliboramphus antiquus

ancient murrelet

Uria aalge

common murre

Charadridae

Charadrius vociferus

Killdeer

Laridae

Larus argentatus

herring gull

Larus californicus

California gull

Larus canus

mew gull

Larus delawarensis

ring-billed gull

Larus glaucescens

glaucous-winged gull

Larus heermanni

Heermann’s gull

Larus hyperboreus

glaucous gull

Chroicocephalus philadelphia

Bonaparte’s gull

Larus pipixcan

Franklin’s gull

Rissa tridactyla

black legged kittiwake

Sterna caspia

Caspian tern

Sterna elegans

elegant tern

Sterna forsteri

Forester’s tern

Sterna hirundo

common tern

Sterna paradisaea

Arctic tern

Actitis macularius

spotted sandpiper

Cepphus columba

pigeon guillemot

Tringa melanoleuca

greater yellowlegs

Ardea alba

great egret

Ardea herodias

great blue heron

Botaurus lentiginosus

American bittern

Butorides virescens

green heron

Egretta thula

snowy egret

Nycticorax nycticorax

black crowned night heron

Alcidae

Scolopacidae

Ciconiiformes

Ardeidae

Coraciiformes

Alcedinidae

Megaceryle alcyon

belted kingfisher

Falconiformes

Accipitridae

Aquila chrysaetos

golden eagle

Buteo jamaicensis

red-tailed hawk

Circus cyaneus

northern harrier (marsh hawk)

Haliaeetus leucocephalus

bald eagle

Pandion haliaetus

osprey

Cathartes aura

turkey vulture

Gymnogyps californianus

California condor

Falco peregrinus

peregrine falcon

Cathartidae

Falconidae

Table 14.1 continued on next page.
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Table 14.1 continued Species of fish, amphibians, reptiles, birds and mammals known to be dependent upon salmon. (Page 4 of 6.)
Order

Gaviiformes

Passeriformes

Family

Scientific Name

Common name

Falco rusticolus

Gyrfalcon

Gavia adamsii

yellow-billed loon

Gavia immer

common loon

Gavia pacifica

Pacific loon

Gavia stellata

red- throated loon

Cinclidae

Cinclus mexicanus

American dipper

Corvidae

Corvus brachrhynchos

American crow

Corvus caurinus

Northwestern crow

Corvus corax

common raven

Cyanocitta stelleri

Steller’s jay

Perisoreus canadensis

gray jay

Pica pica

black-billed magpie

Melospiza melodia

song sparrow

Pipilo maculatus

spotted towhee

Hirundo rustica

barn swallow

Petrochelidon pyrrhonota

cliff swallow

Riparia riparia

bank swallow

Stelgidopteryx seripennis

northern rough-winged swallow

Tachycineta bicolor

tree swallow

Tachycineta thalassina

violet-green swallow

Troglidytidae

Troglodytes troglodytes

winter wren

Turdidae

Ixoreus naevius

varied thrush

Gavidae

Emberizidae

Hirundinidae

Pelecaniformes

Turdus migratorius

American robin

Tyrannidae

Empidonax traillii

willow flycatcher

Pelecanidae

Pelecanus occidentalis

brown pelican

Pelecanus onocrotalus

American white pelican

Phalacrocorax auritus

double-crested cormorant

Phalacrocorax pelagicus

pelagic cormorant

Phalacrocorax penicillatus

Brandt’s cormorant

Aechmophorus clarkii

Clark’s grebe

Aechmophorus occidentalis

western grebe

Podiceps auritus

horned grebe

Podiceps grisegna

red-necked grebe

Podilymbus podiceps

pied-billed grebe

Phalacrocoracidae

Podicipediformes

Podicipedidae

Procellariiformes

Procellariidae

Puffinus griseus

sooty shearwater

Strigiformes

Strigidae

Nyctea scandiaca

snowy owl

Artiodactyla

Cervidae

Odocoileus virginianus

white-tailed deer

Suidae

Sus spp.

pig

Canidae

Canis latrans

coyote

Canis lupus

gray wolf

Canis lupus familiaris

domestic dog

Mammals

Carnivora

Table 14.1 continued on next page.
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Table 14.1 continued Species of fish, amphibians, reptiles, birds and mammals known to be dependent upon salmon. (Page 5 of 6.)
Order

Family

Scientific Name

Common name

Vulpes vulpes

red fox

Urocyon cinereoargenteus

gray fox

Lynx rufus

bobcat

Puma concolor

mountain lion

Mephitidae

Mephitis mephitis

striped skunk

Mustelidae

Gulo gulo

wolverine

Lontra canadensis

northern river otter

Martes americana

American marten

Martes pennanti

fisher

Mustela frenata

long-tailed weasel

Neovison vison

American mink

Taxidae taxus

American badger

Callorhinus ursinus

northern fur seal

Eumetopias jubatus

Steller sea lion

Felidae

Otariidae

Zalophus californianus

California sea lion

Phocidae

Phoca vitulina

harbor seal

Procyonidae

Bassariscus astutus

ringtail

Procyon lotor

raccoon

Ursus americanus

American black bear

Ursus arctos

grizzly bear

Balaenoptera acutorostrata

minke whale

Megaptera novaeangliae

humpback whale

Lagenorhynchus obliqidens

Pacific white-sided dolphin

Lissodelphis borealis

northern right whale dolphin

Orcinus orca

killer whale

Phocoena phocoena

harbor porpoise

Ursidae

Cetacea

Balaenopteridae

Delphinidae

Phocoenidae

Phocoenoides dalli

Dall’s porpoise

Physeteridae

Physeter catodon

sperm whale

Didelphimorphia

Didelphidae

Didelphis virginiana

Virgina opossum

Soricimorpha

Soricidae

Sorex bendirii

Pacific water shrew

Sorex cinereus

masked shrew

Sorex monticolus

montane shrew

Sorex pacificus

Pacific shrew

Sorex palustris

water shrew

Sorex sonomae

fog shrew

Sorex trowbridgii

Trowbridge’s shrew

Sorex vagrans

vagrant shrew

Microtis longicaudus

long-tailed vole

Peromyscus keeni

Keen’s mouse

Peromyscus leucopus

white-footed deer mouse

Peromyscus maniculatus

deer mouse

Castor canadensis

beaver

Rodentia

Cricetidae

Castoridae
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Table 14.1 concluded Species of fish, amphibians, reptiles, birds and mammals known to be dependent upon salmon. (Page 6 of 6.)
Order

Family

Scientific Name

Common name

Sciuridae

Glaucomys sabrinus

northern flying squirrel

Tamiasciurus douglasii

Douglas’ squirrel

Tamiasciurus hudsonicus

red squirrel

tributaries during the spawning migration and recycled through
decomposition of carcasses when the adults die after spawning
(most adults die within 1–2 weeks after spawning). Salmon typically spawn in the fall when stream velocities are slow, so when
their bodies decompose the nutrients that are released remain in
the stream long enough to be assimilated by periphyton and phytoplankton. Not only are nitrogen and phosphorus recycled in this
manner but also carbon skeletons that were manufactured by primary producers in the ocean. Some of this carbon is consumed by
predators like grizzly bears and bald eagles that eat adult salmon.
The remainder is consumed by predators like crayfish and insects
that devour salmon carcasses. The nitrogen and phosphorous recycled by the decomposition of their carcasses fertilizes primary production (phytoplankton and periphyton), then is cycled to primary
consumers (i.e., zooplankton or herbivorous aquatic insects). The
primary consumers are, in turn, eaten by secondary consumers including many resident fishes and the offspring of the anadromous
salmon that returned the nutrients. In many salmon watersheds,
decomposing salmon carcasses provide 25 to more than 50% of the
annual nutrient budget. Gende et al. (2002) determined that a 1.5
kg pink salmon delivered 60 g of lipid back to its home stream.
Thus, salmon are a key component in the biogeochemical cycles of many elements. Additionally, other essential elements and
biochemical’s in salmon flesh are delivered far inland from the
ocean. For example, iodine, an essential element needed to manufacture thyroid hormones, is rare in freshwater but common in
saltwater. Thyroid hormones function to regulate metabolic rate
in adult vertebrates and are important for correct wiring of the
nervous system (which establishes normal learning and memory
function) during embryonic, larval or juvenile development. If
thyroid hormones are absent at this critical juncture, the nervous
system does not ‘wire up’ properly, so learning and memory are
impaired.
A number of reports (Wilson and Halpupka 1995; Levey 1997;
Wilson et al. 1998; Cedarholm et al. 2000; Gende et al. 2002;
Naiman et al. 2000, 2002; Stockner 2003) have documented that:
1.

Returning adults provide food for many species of
mammals and birds along their migration routes (i.e.,
they couple marine to freshwater and freshwater to
terrestrial food webs);

2.

Their carcasses and eggs provide food for a variety of
freshwater fishes, carnivorous benthic macroinvertebrates, and bacterial/fungal decomposers;

3.

Their rotting flesh provides nutrients that fuels much
of the primary and secondary production (primary
consumers such as zooplankton and herbivorous
benthic macroinvertebrates) that is eventually
consumed by secondary and tertiary consumers
(resident fish);

4.

Through these linkages dying adults ultimately contribute to the nutrition and help to ensure survival of
their own offspring during their freshwater residence;

5.

Generally, so many of their offspring survive that
they provide food for other freshwater fishes, birds
and mammals, especially when schooled up during
their seaward migration; and

6.

Adult salmon carcasses hauled away from the riparian zone by birds and mammals into the forest are
decomposed by bacteria, fungi or insects and the resulting nutrients assimilated by terrestrial vegetation.

Anadromous stocks of all five species of Pacific salmon, as well
as anadromous stocks of cutthroat and rainbow (steelhead) trout
play this central role in the ecosystem of recycling nutrients from
the sea. Many of these same benefits also occur when semelparous
resident salmonids make round trip adfluvial migrations from
tributary streams into lakes and return to spawn in the home tributary. In this case the lake acts as a sink for nutrients washed out of
tributaries. In particular, kokanee salmon, the land-locked variant
of anadromous sockeye salmon, is known to recycle nutrients assimilated while growing in a nursery lake back to home tributaries
during the spawning season. Adult kokanee migrants link freshwater to terrestrial ecosystems, provide food for many species of birds
and mammals, and their decaying carcasses fertilize tributaries
as described above for their anadromous counterparts. Adfluvial
cutthroat trout and rainbow trout may also link aquatic to terrestrial environments in a similar fashion but may not be so effective in recycling nutrients since they are iteroparous. For example,
adfluvial Yellowstone cutthroat trout migrating from Yellowstone
Lake into tributary streams provides food for grizzly bears, osprey,
white pelican and river otter (Swenson 1978; Reinhart and Mattson
1990; Mattson and Reinhart 1995; Schwartz et al. 2002; Haroldson
et al. 2005) but since many adults survive the spawning experience
fewer nutrients are supplied by the decomposing carcasses.
Early explorers of the inland Northwest described the post
spawning death of Pacific salmon and the abundance of salmon
carcasses. They were mainly impressed by the aroma produced
by rotting salmon carcasses but failed to grasp the ecological significance of what they considered to be ‘a waste’. In 1810 and 1811,
Northwest Fur Company cartographer, David Thompson, traveled
along the Columbia River and its tributaries noting that, “It is a
firm belief of the natives of this river, that of the myriads of salmon
that annually leave the saltwater ocean and enter freshwater, not one
ever returns alive to the sea…After the spawning season the shores are
covered [by their carcasses].” In 1859, Dr. John Hector, a naturalist
working for the Royal Geographic Society (London) explored the
upper 200 miles of the Columbia River from Boat Encampment
(where the Columbia bends to the South in British Columbia) to
its source at Columbia and Windermere lakes, British Columbia.
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He reported seeing, “a good many dead salmon” on the banks of the
river along the entire route. Later, Baillie-Grohman (1900) wrote
that in 1860 the number of salmon “that reached spawning beds
[in Columbia and Windermere lakes] was so great… [that] millions of dead salmon… [emitted] a stench that could be smelt miles
off.” Canadian artist Paul Kane, who traveled through the region
from 1846–1848, visited Kettle Falls, Washington and noted that
“as many as 1700 salmon per day” were harvested by the Indian
tribes assembled there and that for six miles below the falls dead,
spawned out salmon “in such vast numbers as to poison the atmosphere” were seen.
Jack Lord (1867), a naturalist who surveyed the boundary
between the United States and Canada along the Columbia and
Fraser River from 1858–1860, described the post-spawning death
of salmon and pondered its meaning:
“So vast…is the accumulation of dead salmon, that to
live anywhere near [a salmon river] is next to impossible.
Rotting fish hang from every spray that dips into the water;
rotting fish lodge in every eddy, and jam against the irregularities of the rocks and boulders; rotting fish lie stranded
on every sand-spit; and rotting fish are day and night drifting onwards toward the sea. Why such a waste of valuable
food is permitted by the all-wise God who bountifully sent
it, no one can tell; but that it is intended to serve some
wise and useful purpose, although to us inscrutable, is
indisputable.”
At Little Falls on the Spokane River, Washington, Lord
observed:
“There is annually a remarkable series of scenes at
these falls when the Indians assembled to take the salmon
as they ascend the river to [their] spawning grounds…the
salmon go up in crowds–a veritable flight of fish meteors,
gleaming and sparkling in the clear sunlight…[But] there
is an unpleasant side to the scene. The garbage of thousands of salmon lying about in the rapids is a loathsome
sight…At night when all is quiet, there come various creatures to prey on the offal. Coyotes, foxes, wolves, and birds
of prey…[devoured the] half putrid flesh.”
Jesuit missionary Pierre-Jean DeSmet may have been the
first person to grasp the ecological importance of salmon migration when he recorded the following passage at Columbia
and Windermere Lakes on 9 September 1845 (Chittenden and
Richardson 1904):
“In the absence of man…black and brown bear, the
wolf, the eagle and the vulture assemble in crowds at this
season of the year. They fish their prey on the banks of the
river and at the entrance of the lakes– claws, teeth and
bills serving them instead of hooks and darts. … When
the snow begins to fall, the bears, plump and fat, resume
the road back to their dens…to pass…wintry months in
complete indolence.”
The first evidence supporting the hypothesis that salmon recycle nutrients back into freshwater were calculations made by
Chauncy Juday et al. (1932) that migrating sockeye salmon annually transported on average two million kg of biomass and 5000 kg
of phosphorus into the Karluk Lake/River System, Alaska. Later,
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it was shown that decomposing carcasses accounted for approximately 40% of the total annual phosphorus load in Karluk Lake
(Schmidt et al. 1998). Recruitment of juvenile sockeye in Karluk
Lake was related to density dependent mortality associated with
zooplankton production (Koenig and Burkett 1987). Zooplankton
standing crops were positively correlated with primary (phytoplankton) standing crop. Phytoplankton standing crop was positively correlated with the number of adult salmon carcasses.
Further evidence for this conjecture came from the elegant
studies by Krogius and Krokhin (1956), Krokhin (1958, 1959, 1967,
1975) and Krogius (1961). Their findings were summarized by
Krokhin (1975), who estimated nutrient budgets of sockeye salmon
nursery lakes in Kamchatka from 1937–1969. From 1937 to 1947
when sockeye spawning escapement ranged from 20,000–105,000
individuals, an average of 292 kg (26%) of the annual phosphorus input into the lake came from decomposing sockeye carcasses.
Maximum input was 40%. From 1948 to 1969, when spawning
escapement was < 1000–10,000 individuals, an average of 43.2
kg (5%) of the annual phosphorus input came from decomposing
sockeye carcasses. Total annual phosphorus decreased from an average of 1,118 kg from 1937–1947 (291 kg from salmon, 827 kg from
non-salmon sources) to an average of 871 kg from 1948–1969 (44
kg from salmon, 827 kg from non-salmon sources).
Krokhin (1975) reported that primary production and zooplankton standing crops were also larger in the spring following
a large return. Since nutrient and production levels reflected the
abundance of adult spawners, it was clear that decaying salmon
bodies fertilized the watershed. The number of young salmon that
migrated downstream the following year was also positively correlated with the number of returning adults: higher numbers of
emigrating juveniles occurred 1.5 years after runs with large numbers of spawning adults and lower numbers occurred 1.5 years after runs with small numbers of spawning adults. This pattern occurred because increased availability of food during the summer
growing season immediately following a large autumn spawning
run reduced competition among juveniles. Hence, more juveniles
survived to migrate to the ocean as 18-month-old smolts.
Donaldson (1967) obtained similar results at Iliamna Lake,
Alaska where 25–50% of the lake’s annual phosphorus load originated from decomposing sockeye. Some carcasses were broken
down in the autumn but a portion, frozen in pools over the winter, did not break down until the following spring. Phytoplankton
and periphyton took up some of the phosphorus released by the
carcasses from the water. Zooplankton fed on phytoplankton and
juvenile sockeye fed on zooplankton. Phytoplankton and zooplankton corpses and fecal matter settled to the lake bottom taking
phosphorus with it. Bacterial decomposition on the lake bottom
released a portion of the phosphorus back into the water column,
which was internally recycled during spring and fall turnover, but
most became fixed in the sediments, to be released at some point in
the future by geologic processes of uplift and erosion. Thus, phosphorus transported by salmon played a major role in virtually all
aspects of biogeochemical phosphorus cycling.
Stable Isotope analysis has confirmed that salmon obtain carbon, nitrogen and phosphorus in the ocean then transport these
elements into freshwater (Bilby et al. 1996, 2001; Chaloner et al.
2002a, 2002b, 2004, 2007; Claeson et al. 2006; Compton et al.
2006; Fujiwara and Highsmith 1987; Gende et al. 2007; Janitski
et al. 2009; Kierman et al. 2010; Kline et al. 1990, 1993, 1997;
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Kohler et al. 2008; Kohler and Taki 2010; Larkin and Sleney 1997;
Mathison et al. 1988; Mesa et al. 2007; Minikawa and Gara 1999;
Naiman et al. 2002; Scheuerall et al. 2005; Sheff and Compton
2009; Shuldt and Hershey 1995; Thomas et al. 2003; Wipfli and
Baxter 2010; Wipfli et al. 1998, 1999, 2003, 2004, 2010). Two isotopes of carbon (C₁₂ and C₁₃) and two isotopes of nitrogen (N₁₄
and N₁₅) occur in nature. Stable isotope analysis is based on the
premise that mainly the heavier isotope of carbon selectively accumulates in the flesh of marine organisms whereas mainly the
lighter isotope of carbon accumulates in the flesh of freshwater
and terrestrial organisms. Thus, measurement of the ratios of the
two isotopes in freshwater or terrestrial organisms can reveal how
much of their carbon was derived from marine sources. The reason why the flesh of marine organisms is enriched in C₁₃ is that
carbon enters marine food webs mainly as C₁₃ dominated bicarbonate (HCO₃-) whereas in freshwater and terrestrial food webs
it enters mainly as C₁₂ dominated carbon dioxide (CO₂). Relative
trophic status of an organism can be detected by a 3–4 ‰ (parts
per thousand) increase in stable isotopes of nitrogen (N₁₄ and N₁₅)
between prey and predator, making it possible to trace carbon
transfer trough the food web. N₁₅ is greater relative to N₁₄ at each
step in the food chain most likely due to the preferential excretion
of N₁₄ via the urinary system or gills.
Kline et al. (1990, 1993) used stable isotopes to trace marine
derived nutrients into periphyton, benthic macroinvertebrates,
resident fish, and offspring of the parent fish that contributed the
carbon, nitrogen and phosphorus. Their studies provided support
for the hypothesis of a feedback loop from adult to juvenile sockeye
salmon. Decaying adult carcasses fertilized periphyton that was
consumed by invertebrates that were, in turn, eaten by offspring
of the adult fish. Also salmon carcasses carried into terrestrial environments by predators fertilized riparian vegetation (Reimchen
1994; Piorkowski 1995; Ben David et al. 1998; Cedarholm et al. 1999;
Drake et al. 2002. 2005; Naiman 2002; Bilby et al. 2003). Nutrients
derived from salmon carcasses encourages plant growth which, in
turn, provided shade (keeping streams cold), cover, large woody
debris and bank stability to the stream.
Similar recycling was observed in salmonids with adfluvial life
cycles. In this case nutrients that accumulated in salmon flesh during their period of residence in the lake were carried into home
spawning tributaries. Richey et al. (1975) found that nutrient loading was correlated with the number of adfluvial kokanee entering
a tributary of Lake Tahoe, California. About 45 kg of phosphorus
was introduced in a year when about 14,000 kokanee spawners
entered the tributary, compared to 7.3 kg of phosphorus in a year
when about half that number of kokanee entered. Phosphate concentration was 4–6 µg/L greater in the year with the large kokanee
run. Bacterial and fungal decomposition released nutrients (nitrogen and phosphorus) resulting in blooms of phytoplankton and
periphyton downstream from where carcasses accumulated.
Some of the most important predators of salmon include
salmon sharks (Figure 14.12), killer whales (Figure 14.13) grizzly
(brown) bears (Figure 14.14), sea lions (Figure 14.15), river otters (Figure 14.16) and bald eagles (Figure 14.17). Salmon sharks
(Lamna ditropis) and killer whales (Orcinus orca) are apex predators that prey on salmon at sea as they approach the mouths of
their home rivers. Salmon sharks belong to the same family
(Lamnidae) as the great white shark (Carcharodon carcharias).
Salmon sharks attain lengths up to four meters and weights up to

450 kg (Eschmeyer et al. 1982). One attribute of members of the
Lamnidae is endothermic heat production. They are capable of
elevating their body core about 10–17 ºC above the ambient water temperature. A salmon shark swimming in 8.3 °C (47 °F) sea
water can maintain a core temperature of 25 °C (77 °F). This feat
of thermoregulation is accomplished by having long, U-shaped
blind loop capillaries (called rete mirabile), embedded in their
swimming musculature, that functions as a counter current heat
exchanger. Heat produced by muscle contraction is carried away
from the core by blood flowing through the efferent capillary, but
most of it diffuses back into the afferent capillary before it reaches
the surface. This adaptation makes salmon shark’s extremely efficient predators because they can swim through water that varies in
temperature while still maintaining a constant body core temperature. Thus, their enzymes, which are temperature sensitive, remain
at optimal efficiency. Most fish are poikilotherms that cannot regulate their body temperature. As they swim through water of varying temperatures, the activity of their enzymes fluctuates, reducing
their swimming performance, thus enabling the salmon sharks to
close their pursuit and eventually chase them down. Of course it
also requires a large amount of energy input, in the form of food
consumption, to maintain a constant body core temperature of
20–23 ºC in a cold (10–12 ºC) ocean. Heat loss is about 25 times
faster in water than air. This makes salmon sharks voracious killing
machines. The stomach contents of one 3.7 m female salmon shark
weighed 136 kg!
Biotelemetry studies conducted by NOAA Fisheries using satellites have documented that salmon shark’s travel up to 100 km/day.
Their active metabolism require even more energy expenditure
(hence more food consumption) than if they were sedentary. Each
shark was equipped with a global-positioning system (GPS) that
periodically sent latitude and longitude coordinates of its position
to a satellite, which were then downloaded to a ground station and
internet site that provided real time tracks of the past and present
locations of the sharks. These studies showed that salmon sharks
were attracted by Pacific salmon runs. During July and August they
were off the mouths of many salmon rivers. Later, after the salmon
had migrated up their home river, the sharks dispersed back into
the ocean off the coast of the United States and Canada. Some preliminary data suggested that the sharks exhibit fidelity to foraging areas by returning to the same area during subsequent salmon
spawning seasons.
As their common name suggests salmon sharks are major
predators of Pacific salmon, consuming, in order of relative importance, sockeye, chum, pink, coho, and Chinook salmon. In
1989, salmon shark abundance in the North Pacific was estimated
at more than 2 million individuals (Nagasawa 1998). Age 5 salmon
sharks (n = 595,000) were estimated to have consumed 73–146
million Pacific salmon or about 13–25% of the total run of Pacific
salmon in that year (Nagasawa 1998).
In Alaska, salmon sharks aggregate off the mouths of many
large salmon rivers, thereby providing a gauntlet of gnashing teeth
through which salmon must swim to reach their home river. At
least 2000 salmon sharks were counted in a 12 km² area (density = 166 sharks/ km²) of Prince William Sound, Alaska on August
16, 2000 (Hulbert and Rice 2002). Stomachs of 51 individuals were
examined and found to contain pink, chum, and coho salmon (77%
of stomach contents by weight). Based on application of bioenergetics models, Hulbert and Rice (2002) calculated that the salmon
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shark population potentially consumed 263,000 kg of prey during
their 45 day period of residence in Prince William Sound. Based
on the percentage of salmonids in their diet they estimated that
116,000 pink salmon (12% of the run) and 36,000 chum salmon
(29% of the run) entering tributaries of Prince William Sound were
consumed by salmon sharks in 2000.
Further to the south, off the coasts of British Columbia and
Washington, killer whales, Orcinus orca, replaced salmon sharks
as an apex predator of salmon. Killer whales exhibit two contrasting life history strategies (Baird 1999; Ford et al. 2000).
Some, called transients, travel long distances and are constantly
on the move. Transients tend to consume marine mammals
(both pinnipeds and cetaceans), marine birds, sea turtles, and
occasionally terrestrial mammals (See status reviews by Baird
1999 and Wiles 2004). Pinnipeds consumed by transient killer
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A) Salmon sharks Lamna ditropis grow
to a total length of 4.0 meters (13 feet)
and 450 kg (990 lbs). For most of the
year salmon sharks reside in the North
Pacific Ocean, but when adult salmon
were congregated along the coastline,
salmon sharks move into estuaries of
each major river system in Alaska to
intercept them. Photograph courtesy
of John Friday, www.bajaproductions.
com, © 2010, all rights reserved. B)
Salmon sharks are voracious predators
of salmon. The stomach contents of
one 3.7 m long female contained 136 kg
of fish. Salmon sharks exhibit fidelity
to each foraging area by returning to
the same estuary during subsequent
spawning seasons. Soon after the
salmon enter their home river, the
salmon sharks move back out into the
North Pacific.

whales include California sea lions (Zalophus californianus),
stellar sea lions (Eumetopias jubatus), harbor seals (Phoca vitulina), northern fur seal (Callorhinus ursinus), northern elephant
seals (Mirounga angustriostris), walrus (Odobenus rosmarus),
sea otter (Enhydra lutris), and northern river otter (Lontra canadensis). Cetaceans attacked by transient killer whales include:
Pacific white-sided dolphins (Lagenorhynchus obliquidens),
Dall’s porpoise (Phocoenoides dalli), harbor porpoise (Phocoena
phocoena), beluga whale (Delphinapterus leucas), minke whale
(Balaenoptera acutorostrata), fin whale (Balaenoptera physalus),
blue whale (Balaenoptera musculus), grey whale (Eschrichtius
robustus), humpback whale (Megaptera novaengliae), and sperm
whale (Physeter catodon). Killer whales have been documented
to kill and eat polar bears (Ursus maritimus) swimming between
ice flows, and black-tailed deer (Odocoileus hemionus) and moose
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A) Killer whales Orcinus orca replace salmon sharks as the apex predators of salmon off the coasts of British Columbia
and Washington. Resident killer whales are organized in pods that hunt Fraser River sockeye salmon in either Johnstone
Strait (the northern approach to the Fraser River) or the Strait of Juan de Fuca (the southern approach to the Fraser
River). B) Killer whales fishing the Strait of Juan de Fuca/San Juan Islands also capture many Columbia River Chinook
salmon. The southern resident population of killer whales (n = 79 in 2004) potentially can consume 428,400–539,280
sockeye or 141,120–171,360 Chinook salmon per year. The number of sockeye that entered the Fraser River averaged
(ranged) 7.2 million (0.9 million–40.2 million) from 1893–2005, so killer whales could potentially consume about 5–7.5%
of the average sockeye run. The number of Chinook salmon that entered the Columbia River averaged (ranged) 765,000
(382,000–1,360,000) from 1938–2003 (ODFW/WDFW 2005), so killer whales could have potentially consumed about
18.4–22.4% of the average Chinook run. Photograph courtesy of Astrid van Ginneken & the Center for Whale Research, ©
2008, all rights reserved.
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A) Grizzly (brown) bear Ursus arctos horribilis eat many salmon spawning in Alaska (see text for explanation). About 58% of
the diet of grizzly bear in the Columbia Basin was salmon (Hildebrandt et al. 1991). Photograph courtesy Roy Wood © 2005,
all rights reserved. B) Black bear carrying salmon away from stream into riperian zone. Photo courtesy of Alix Blake. C)
Grizzly bears in Alaska gather around waterfalls that impede Salmon to catch them. Grizzly bears also ate adfluvial kokanee
that migrated up the Flathead River to the outlet of Lake McDonald in Glacier National Park, Montana (Spencer et al. 1991).
They captured kokanee in shallow riffles and dove to the bottom of 5 m deep pools to recover dead kokanee carcasses. One
marked bear returned annually for 11 consecutive seasons to feast on kokanee (Spencer et al. 1981).
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California sea lion population increased geometrically from about 50,000 in 1972 to about 300,000 in 1990, after of the
Marine Mammal Protection Act of 1972. Since 1990 their population has remained near 300,000 individuals, indicating
that they had reached their carrying capacity. In 2001, California sea lions discovered Chinook salmon in the Columbia
River. Stellar sea lions discovered salmon in the Columbia in 2002. From 2002–2009, the total number of sea lions
entering the Columbia River to catch salmon below Bonneville Dam increased from 30 in 2002 to 101 in 2008 (Tackley
et al. 2008). These sea lions caught and ate 880 spring Chinook salmon in 2002 and 4,115 in 2008 (Tackley et al. 2008).
Photograph courtesy of W. Osborne, CC BY-NC-ND 2.0.
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Figure 14.16

River otter Lontra canadensis consumed adult and juvenile salmon. Dollof (1993) estimated that a pair of river otter and
their young consumed 4,042 juvenile salmonids (coho salmon and Dolly Varden charr) over a period of six weeks. This
was determined by monitoring at a toilet site near the river otter den. Individual scats contained up to 408 otoliths (fish
ear bones that occur in pairs), indicating that at least 204 fish had been consumed between defecations (Dollof 1993). A
total of 8,083 otoliths were collected from 23 scats during the study.

(Alces alces) swimming between islands (See reviews by Baird
1999 and Wiles 2004). To a lesser extent, transient orcas consume
fish and squid. Killer whales get their names because many people have witnessed attacks of transients on large mammals. They
are cooperative hunters that communicate with each other using
rapid series of evenly spaced echolocation clicks. They have been
observed working together to corral fish along shorelines and taking turns attacking large whales. They seem to playfully toss prey,
such as seals, in the air before consuming it, similar to a cat playing with a mouse. Despite their fearsome reputations, there are no
records of an orca killing a human.
The other type of killer whales, called residents, occupy home
territories and travel shorter distances between summer and winter foraging areas. Their summer home territories are usually associated with narrow channels through which large numbers of
salmon pass on their way to home rivers. Resident orcas eat fish,
especially salmon (Heimlich-Boran 1986; Nichol and Shackleton
1996; Ford et al. 1998; Ford et al 1998, 2005). Transient and resident orcas differ genetically and have languages that are so different that they usually do not communicate with each other (Ford
et al. 2000).
Two groups of resident orca’s occur off the west coast of North
America. Northern residents range from Puget Sound to the
Dixon entrance north of the Queen Charlotte Islands. They usually spend their summers in Johnstone and Queen Charlotte straits
at the north end of Vancouver Island. Southern residents typically
range from northern California to the north end of Vancouver
Island, although they are occasionally observed as far north as
the Queen Charlotte Islands. In summer they are usually found
in Puget Sound, Strait of Juan de Fuca, San Juan Islands, and Strait
of Georgia. In summer, both northern and southern residents are
ideally positioned to intercept sockeye, pink, and chum salmon
returning to the Fraser River. Johnstone Strait, and a maze-like
network of narrow channels in the San Juan Islands, respectively
funnel sockeye salmon returning along the northern or southern
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coasts of Vancouver Island into the Fraser River. While ultrasonic
tracking Fraser River sockeye through the San Juan Islands in
1968, I observed killer whales along the migration corridors of the
salmon several times everyday. The orcas were particularly concentrated in areas where salmon temporarily halted migration
and were milling around in schools, particularly at the southern
entrance of San Juan Channel, at Flattop Island at the north end
of San Juan Channel, in Boundary Pass and near the entrance of
Rosario Strait.
Chinook salmon from the Columbia River often make excursions into the Strait of Juan de Fuca. Marked Columbia River
Chinook salmon have been harvested by Canadian Commercial
fishermen in the Juan de Fuca Strait, so Columbia River Chinook
may be available to orcas that frequent the strait. Other species of
salmon that enter tributaries of Puget Sound would also be available to these orcas.
At present (2006), the southern residents are composed of three
pods (designated J, K, and L pods), totaling about 84 individuals
that usually range from Johnstone Strait to southern Puget Sound.
Their numbers declined from about 100 individuals in 1990 to 79
by 2004, prompting NOAA Fisheries to list them as endangered in
February 2006. A number of factors were cited as possible causes
of the decline in numbers of southern residents during the 1990s,
one being reduced numbers of Pacific salmon passing through
their home territory.
Like all mammals, killer whales are homeotherms. They regulate their body temperature close to that of humans (37 ºC) by having a high rate of metabolism and must consume about 4–5% of
their body weight per day to counter heat lost to the cold ocean.
(See review by Wiles 2004). Adults weigh up to 5,806 kg and, so,
must consume about 232–290 kg of fish per day just to maintain
their routine metabolism. Assuming that the killer whale was eating exclusively sockeye salmon weighing an average of 2.7 kg each,
this would amount to about 85–107 sockeye per day. If the whale
was eating exclusively Chinook salmon weighing 8.2 kg each, this
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Bald eagles Haliaeetus leucocephalus are dependent upon
salmon. For example, in Lake
Roosevelt, Ferry, Stevens,
and Okanogan Counties,
Washington, bald eagle nesting
sites increased from 2 in 1987 to
24 in 2000 (Murphy 2000) as
increasing numbers of hatchery
kokanee salmon and rainbow
trout were stocked in the lake. In
1995, kokanee accounted for 23%
and rainbow trout accounted
for 21% of all prey brought by
adult eagles to the nest sites
(SAIC 1996). Bald eagles did not
appear at McDonald Creek,
Glacier National Park, MT, until
kokanee were stocked there. The
numbers gradually increased
until McDonald Creek became
the highest concentration of bald
eagles in the lower 48 states, with
150–639 birds between 1979 and
1985 when kokanee escapement
into McDonald Creek totaled 12,000–27,000 (Spencer et al. 1991). After 1985, the number of kokanee decreased owing
to the establishment of Mysis shrimp in Flathead Lake, which consumed the same prey as kokanee more efficiently than
kokanee. After introduction of Mysis, kokanee abundance in McDonald Creek declined to <100 individuals by 1989 and
bald eagle visitation dwindled to <25 birds per year. Photograph courtesy Tony Campbell © 2012, all rights reserved,
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would amount to about 28 to 34 chinook per day. The southern
resident population of killer whales (n = 84) could potentially
consume 428,400–539,280 sockeye salmon or 141,120–171,360.
Chinook salmon over a 60-day peak of the run period. To put
these numbers in perspective, the run size of sockeye that entered
the Fraser River averaged (ranged) 7,172,906 (925,000–40,195,000)
individuals from 1893 to 2005. The number of Chinook salmon that
entered the Columbia River averaged (ranged) 765,000 (382,000–
1,360,000) from 1938 to 2003 (ODFW/WDFW 2005). Thus, killer
whales could potentially consume 5.9–7.5% of the sockeye run or
18.4–22.4% of the Chinook run. At present, it is uncertain if killer
whales actually consume this much salmon, although tantalizing
bits of information are suggestive of the possibility.
Heimlich-Boran (1998) observed southern resident pods feeding along major routes of salmon migration in Washington and
southern British Columbia, but did not quantify the diet. Southern
residents may take species such as sockeye opportunistically when
they are concentrated during spawning runs, but they apparently
target chinook over much of the year. Ford et al. (1998) attempted
to quantify the diet of southern residents by observing prey capture events and collecting scales or food particles that were left behind. Their data showed that 96% of prey capture events involved
salmonids and, of these, 62% were Chinook salmon. The authors
noted that although Chinook was the most common prey detected
it was not the most numerically abundant fish in the environment
amongst which killer whales had to choose. This observation suggested to them that killer whales may seek out and selectively forage on Chinook. Autopsies of eight resident killer whales that died
stranded on beaches also showed that the majority of the stomach
contents in six individuals were Chinook and other salmon species
(Ford et al. 1998). Two residents ate bottom dwelling flatfish and
sculpins (Ford et al. 1998). Remains of bottom dwelling fish would
not be detected in surface feeding events, so it is possible the Ford et
al.’s study is biased and overestimated the importance of salmonids
in the diet.
In 1997, when both Fraser and Columbia River salmon stocks
were severely depressed, 19 L Pod orcas apparently had trouble
finding enough food to eat in their usual haunts in Juan de Fuca
Strait and San Juan Islands. So they migrated south into Puget
Sound and entered Dyes Inlet near Bremerton, Washington, where
they consumed virtually an entire run of chum salmon (Wiles
2004; Niewert 2006).
Recent studies have linked killer whale abundance with Chinook
salmon (Ford et al. 2005). Southern residents usually reside in
coastal waters from northern California to the Queen Charlotte
Islands. They typically remain within 30 miles at the coast. Their
distribution coincides with the distribution of Columbia River
Chinook salmon. Ford et al. (2005) found that the killer whales focused almost exclusively on Chinook during the summer months
and followed them into areas where Chinook were concentrated in
preparation for returning to their home river during the autumn.
The Columbia River was historically (and still is) the greatest
producer of Chinook salmon on the west coast. Killer whales aggregate off the mouth during winter and spring when Chinook
salmon are staging for their run into the river (Wiles 2004; Niewert
2006). During the 1930s, when salmon were more abundant than
at present, several orcas were observed in the Columbia River
(Scheffer and Slipp 1948; MarineBio.org 2006), presumably following salmon upriver. Two of them were sighted near Portland,
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Oregon and Vancouver, Washington (RKM 177) (Scheffer and Slipp
1948).
A Washington Department of Fish and Wildlife report noted
that, “Perhaps the single greatest change in food availability for resident killer whales since the late 1800s has been the decline of salmon
in the Columbia River Basin” (Wiles 2004). Wiles (2004) speculated that seasonal movements of southern residents may presently be different from the historical past. He thought there was
a good possibility that when 10–16 million salmon ran into the
Columbia River, Killer whales spent more time off the mouth of
the Columbia than they do at present. In recent years observations
of killer whales at the mouth of the Columbia were uncommon,
but sightings have increased since 2001, coincident with the largest
run of chinook into the river since 1938 (when counts were started
at Bonneville Dam).
Ford et al. (2005) postulated that killer whales are so dependent upon Chinook salmon that orca abundance may rise and fall
in synchrony with chinook abundance. They pointed out that the
sharp drop in abundance of southern resident orcas from 1995 to
2000 (from 100 to 79 individuals) coincided with a steady decline
in abundance of Chinook salmon (from 1,236,900 to 397,200 individuals) entering the Columbia River between 1987 and 1995.
Since then, Columbia River Chinook run size has increased (up to
1,367,000 individuals) and southern resident orca abundance increased (up to 84 individuals).
When they plotted annual killer whale mortality (dependent
variable y) from 1979–2004 against chinook salmon abundance
(independent variable x) during the same time period, Ford et al.
(2005) found that the highest rates of mortality followed years of
low Chinook salmon abundance and the lower rates of mortality
followed years of high Chinook salmon abundance. Thus, restoring Columbia River Chinook salmon may be necessary for recovery of southern resident killer whales.
Columbia River Chinook are also known to be consumed by
northern resident orcas in the Queen Charlotte Islands. This was
determined by taking tissue samples from chinook that the killer
whales were eating and genotyping them. The genetic analysis revealed that the fish had originated in the Columbia River [See article by Niewert 2006].
Pinnipeds (a Latin term meaning fin-footed), particularly
California sea lions and harbor seals, are opportunistic hunters that
also consume large numbers of salmonids. Pinnipeds are remarkably inquisitive and intelligent (Reidman 1990). These traits enable
pinnipeds to locate fish prey and figure out how to catch them, especially where humans have made it easy for them to do so. For example, they are estimated to pirate about 12% of the salmon caught
by the Washington Commercial gill net fleet and about the same
percentage of troll-caught salmon in California. They are especially
adept at locating the entrances of fish ladders and then enjoy easy
pickings waiting for the salmon to come to them.
Pinniped numbers on the west coast increased markedly
since the United States Congress enacted the Marine Mammal
Protection Act of 1972. For example, Washington’s harbor seal
population grew from about 5,000 to 30,000 individuals between
1972 and 1997. The population growth followed a typical logistic
growth curve. The population increased geometrically from 1976
to 1990. From about 1990 to 1997 the population hovered around
30,000 individuals (range 22,000 to 32,000 individuals), suggesting that the population was fluctuating near the carrying capacity
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of the environment (Jefferies et al. 2003). Interestingly, harbor seals
counted at haul-out sites in Washington declined by 28% between
1997 (n = 27,052) and 1999 (n = 19,379), coinciding with record low
abundance of adult salmon entering both the Columbia and Fraser
rivers (Jefferies et al. 2003). Harbor seals are sedentary and usually
remain within about 50 km of their birth place.
California sea lion abundance in California increased from
about 50,000 individuals to about 300,000 individuals between
1972 and 1990. They can roam great distances in search of food
during the fall and winter, and return to California beaches to give
birth in the spring and summer. As their population abundance increased, their foraging grounds gradually expanded northward. In
1978, six years after the passage of the Marine Mammal Protection
Act, California sea lions were first sighted in Puget Sound feasting on its bounty of fishes. By 1996, their winter numbers in Puget
Sound peaked at about 1,300 individuals. By 2001, their numbers
had fallen to about 200–300 individuals, presumably because the
fish stocks in Puget Sound were depleted. Their decline also coincided with declining numbers of salmon in the 1990s. At peak
abundance it was estimated that annual consumption of fish (not
all salmon) by sea lions in Puget Sound ranged between 830–2,064
metric tons (1,829,837 to 4,550,341 lbs) and that harbor seals consumed 31,500 metric tons (69,445,613 lbs.) in state waters. The sea
lions have apparently shifted to Washington’s outer coast since
about 1997. In 2001, when the largest run of salmon since 1938 returned to the Columbia River, California sea lions followed them
up the river to Bonneville Dam.
Adult harbor seals and California sea lions attain weights of
about 82–100 kg (180–220 lbs) and 227–454 kg (500–1000 lbs) respectively. Harbor seals and California sea lions typically eat about
2.3–4.5 kg (5–10 lbs) and 9.1–22.7 kg (20–50 lbs) of fish per day,
respectively, so they have potential to deplete spawning salmon.
One famous example was a tagged sea lion named Hershel and
about ten of his kin who took up residence near the entrance of the
fish ladder at Ballard Locks in Seattle, Washington and snacked on
steelhead trout that were attempting to negotiate the ladder. For
several years during the 1980s and 1990s Hershel and his cohorts
returned annually to Ballard Locks to snarf up steelhead. In the late
1980s and 1990s Hershel was replaced by Hondo (sometimes called
Hondo the Horrible), a whopper of a sea lion weighing in at 492 kg
(1,084 lbs)! Hondo returned to Ballard Locks with several cronies
every year from 1989–1996 (NOAA 1998, 1999). Prior to the intrusion of the sea lions, the Lake Washington steelhead run had been
stable at about 2,500 individuals annually. Over 18 years of sea lion
depredation, in combination with ocean conditions that were not
conducive to survival of salmon and steelhead entering salt water,
the run gradually shrank to just over 70 fish counted going up the
ladder in 1994 and 38 in 1996.
Because the sea lions were protected under the Marine
Mammals Act, they could not be killed or removed , so numerous
non-lethal tactics were used to scare them away. These included use
of barrier nets, fire crackers, rubber tipped arrows, rubber bullets,
foul-tasting fish, temporary incarceration in a zoo, piping taped
killer whale vocalizations into the water, and even anchoring a 16
ft fiber glass replica of a killer whale, dubbed ‘fake Willy’, in front
of the fish ladder entrance. Nothing worked, the sea lions kept returning. One of the most interesting attempts at getting rid of the
pesky sea lions was to capture and displace them. In initial experiments, they were transported to Washington’s Olympic Peninsula

and released into the Pacific Ocean. The seals swam back to the
Ballard locks within a few days. Later, they were trucked to their
breeding grounds in Southern California. They returned back to
the Ballard Locks within a few weeks to a few months. Eventually
(in 1996), state and federal fisheries agencies received permission from the federal authorities to permanently remove Hondo
and four other problem sea lions by killing them. Sea World in
Orlando, Florida stepped in and offered to permanently house the
animals so they would not have to be killed. Hondo and two other
nuisance sea lions were captured and sent to Sea World in 1996.
Removal of three problem animals resulted in immediate improvements in steelhead escapement. In 1998, about 500 steelhead were
counted passing Ballard Locks (NOAA 1999).
About 2,000–3,000 harbor seals and 300–500 California sea
lions annually foraged in the Columbia River below Bonneville
Dam in the early 1990s (Brown and Jefferies 1993). Bite marks,
scars, and flesh wounds attributed to marine mammals were tabulated annually for spring/summer Chinook salmon passing Lower
Granite Dam on the Snake River between 1990 and 1992 (Park 1993;
Harmon 1994). Fourteen to 19.2% of the Chinook passing the dam
appeared to be molested by marine mammals. It was estimated that
between 4,000 and 9,700 spring Chinook died annually by direct
consumption by marine mammals or indirectly as a result of delayed mortality by wounding (Park 1993). Thus it is possible that
marine mammal wounds may cause damage that will either cause
mortality or weaken the fish so that it will not have the strength to
complete its upstream migration to its homestream.
It did not take California sea lions long to discover the increased abundance of Columbia River salmon commencing in
2001 and 2002, when record runs into the Columbia occurred following productive ocean conditions that markedly improved the
survival of juveniles entering saltwater.
The number of California sea lions Zalophus californianus and
steller sea lions Eumetopias jubatus entering the Columbia River has
gradually increased since 2001, with numbers in 2008 estimated at
about 1,000–1,500 individuals. Of these 101 individuals were found in
the tailrace of Bonneville Dam, snacking on salmonids that were attempting to pass up its fish ladders. The numbers of sea lions below
Bonneville Dam and the number of spring Chinook salmon they have
consumed between 2002 and 2011 are recorded in Table 14.2 (Wright
et al. 2007; Tackley et al. 2008; Stansell et al. 2009, 2010, 2011).
A California sea lion branded C265 weighed 559 lbs when captured near the mouth of the Columbia River in March 2007. In May
2007, after spending two months below Bonneville Dam he was
weighed again, this time at a trim 1,043 lbs. The sea lions actually
entered the fish ladders at Bonneville to frolic with and chow down
on the salmon. This prompted the U.S. Army Corps of Engineers
to install 26 barricades (called SLEDS or sea lion exclusion devices)
at the entrance of the fishways at a cost of one million dollars. The
barricades were steel fences with 15.5 in. gaps between the posts
that theoretically would not impede the salmon, from entering the
ladder but would prevent the sea lions from doing so. Within a
week a sea lion branded C404 figured out how to breech the barricade and was ensconced in the ladder gobbling up spring Chinook.
Then he taught the other sea lions how to breach the barricade.
In addition to SLEDS, the U.S. Army Corps of Engineers installed
floating orifice gates (FOGs) with stab plates and acoustic deterrent
devices. They also attempted hazing (using cracker shells, screamer
shells or rockets), rubber bullets, and trapping/relocation of the sea
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Table 14.2

Numbers of California sea lions (CSL) and steller sea lions (SSL) observed below Bonneville Dam and the number of
spring Chinook salmon they have consumed from 2002–2011 (Data from Tackley et al. 2008 and Stasell et al. 2011).
Chinook passage refers to the number of Chinook counted going up the Bonneville fish ladder.

Year

CSL

Total Sea
SSL Lions (#)

Chinook passage
(Jan. 1–June 15)

# Chinook consumed by
sea lions

% of Chinook
run consumed by sea
lions

2002

30

0

30

316,468

880

0.3

2003

106

3

109

247,059

2,313

0.9

2004

101

2

103

210,569

3,307

1.5

2005

80+

4+

84+

102,741

2,742

2.6

2006

72

10

82

130,014

2,580

1.9

2007

69

9

78

101,068

3,403

3.3

2008

84

17

101

174,247

4,115

2.3

2009

54

26

80

229,271

3,997

1.7

2010

89

75

164

293,662

5,737

2.0

2011

54

89

143

272,469

3,298

1.2

Note: In addition to Chinook salmon these sea lions were observed to eat lamprey (47 in '02, 317 in '03, 810 in '05, 424 in '06, 143 in '07, and 145 in '08).

lions. None of these discouraged the sea lions. For the first time
in 2009 they killed especially pesky sea lions (lethal removal). In
2009, 11 California sea lions were euthanized including C265 who
had been observed consuming 43 salmon before he was killed. In
2010, 14 more sea lions were euthanized and in 2011 one more sea
lion was euthanized.
In 2005, the Oregon Department of Fish and Wildlife estimated that about 500–1000 California sea lions were present in
the Columbia River with about 100 hunting at Bonneville Dam. In
2006, sea lions were being observed for the first time in tributaries
of the Columbia River below Bonneville Dam. For example, they
were observed in the Lewis River about 14 miles above its confluence with the Columbia.
Observations of seals and sea lions in the vicinity of Bonneville
Dam is not a new event. Numerous historical records indicate that
when the Columbia was a free-flowing river, both species traveled
upstream to the Dalles (RKM 191) and Celilo Falls (RM 200) in pursuit of salmon. Numerous references were made about their abundance in Lewis and Clark’s journals (Sperlin 1912). For example, on
12 July 1811, Meriwether Lewis observed harbor seals at Celilo Falls
on the Columbia River (Sperlin 1912). At the Dalles of the Columbia
in 1845 Father DeSmet (Chittenden and Richardson 1905) recorded:
“Attracted by the shoals of salmon that came up the river, the seals
gambol amid the eddying waves…darting in the twinkling of an eye
from side to side…in swift pursuit of their scaly prey.”
Marine mammals have been portrayed in the popular press as
rogues and scoundrels that are depleting precious salmon. In fact,
as the above example illustrates, they have long been beneficiaries
of the recycling work of the salmon. A major goal of any salmon
restoration effort should be to restore these food web connections.
We should take enjoyment from these salmon/marine mammal
interactions instead of grousing about them. I believe that losses
between 1–2% due to sea lion predation are acceptable losses in the
sense that the salmon are fulfilling their ecological role.
More recently, molecular genetic techniques have been developed to extract DNA from bones found in harbor seal scats and
use it to identify species of fish being consumed (Huber et al.
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2004; Orr et al. 2004). For example, recent studies conducted on
the Umpqua River, Oregon revealed that harbor seals consumed
Chinook, coho, and steelhead, but not anadromous cutthroat trout
(Orr et al. 2004).
The most important terrestrial mammalian predators of
salmon (especially the sockeye) in freshwaters are brown or grizzly
(Ursus arctos horribilis) and black (Ursus americanus) bears (Ferris
1836; DeSmet 1845; Hector 1860; Bendire 1879; Ondernak 1855; U.S.
Bureau of Fisheries 1916; Arsenieu 1949; Shuman 1950; Clark 1959;
Gard 1971; Cedarholm et al. 1989; Spencer et al. 1991; Reimchen
1994; Wilson and Halupka 1995; Hildebrand et al. 1996; Quinn and
Kinnison 1999; Reimchen 2000; Ruggerone et al. 2000; Quinn et
al. 2001; Gende 2002).
For example, at Karluk Lake, Alaska, Shuman (1950) estimated
that one tributary (Moraine Creek) had a spawning escapement of
14,826 sockeye salmon. Of these, 16 brown (Kodiak) bears killed
4,640 (31.2%) before they had a chance to spawn and 5,916 (39.9%)
after they were spawned out. The remaining 4,270 sockeye died
in the stream after spawning. In 1964, brown bears took 7,045 of
9,470 (79%) of the sockeye salmon that spawned in a tributary of
Karluk Lake (Gard 1971), but this number included only 9.6% of
the unspawned females. At Bristol Bay, Alaska, Ruggerone et al.
(2000) determined that brown bear killed 466 of 505 (92%) of the
sockeye salmon that entered one tributary and 2,569 of 15,631 (16%)
of the sockeye that entered the same tributary the following year.
The bears preyed selectively on large male sockeye in both years;
only 6.1% (first year) and 7.8% (second year) of the mature females
in the sockeye population were killed before they spawned.
Hildebrand et al. (1991, 1996), using stable isotopes, determined
the extent to which marine nutrients contributed to the diets of living and extinct brown bears. Extant brown bears along the Alaskan
Coast obtained about 94% of their annual carbon from salmon
flesh (Hildebrand et al. 1996). Analysis of the bones of brown bears
killed in the interior Columbia River Basin between 1856 and 1931
showed that they obtained 58 ± 23% of their annual carbon from
anadromous salmonids (Hildebrand et al. 1991). The authors concluded that brown bear recovery in the Columbia Basin might
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prove difficult since the current supply of anadromous fish was a
fraction (about 10%) of the historical number.
Brown bears also utilize adfluvial stocks of resident salmonids. At Yellowstone National Park, Wyoming, brown bears
gather along tributaries of Yellowstone Lake in the spring to eat
spawning Yellowstone cutthroat trout that have migrated into the
streams from the lake. During the early 1900s, the United States
Bureau of Fisheries set up fish traps in several tributaries to collect Yellowstone cutthroat trout eggs. In 1916, “grizzly bears hungry from prolonged hibernation through a severe winter” raided
the fish traps and generally obstructed collection of eggs (U.S.
Bureau of Fisheries 1916). Adult adfluvial cutthroat returning from
Yellowstone Lake to 68 natal spawning tributaries made up more
than 90% of the spring diet of black and grizzly bears (Reinhart
and Mattson 1995; Stapp and Hayward 2002; Kael et al. 2005).
Non-indigenous lake trout (Salvelinus namaycush) now threaten
native adfluvial Yellowstone cutthroat trout in Yellowstone Lake by
preying on them from the time they enter to the time they leave
Yellowstone Lake. Food habit studies in combination with bioenergetics modeling indicated that one adult lake trout in Yellowstone
Lake on average consumes 41 cutthroat trout per year (Ruzycki et
al. 2003).
Since lake trout were introduced, the number of adult
Yellowstone cutthroat trout entering home tributaries has steadily
declined. For example the number of adult cutthroat trout entering Clear Creek, one of the principle spawning tributaries along
the lake’s east shore, fluctuated from about 30,000–60,000 individuals annually in the late 1980s, before lake trout appeared. Their
counts declined from 6,613 in 2002, 3,432 in 2003, 1,438 in 2004 to
471 in 2005 (Kael et al. 2005). As their counts have been reduced
so have the counts of fish eating birds such as osprey. Osprey in
Yellowstone National Park have declined from 51 nesting pairs that
fledged 26 young in 2001 to 9 nesting pairs that fledged 3 young in
2005 (McEneany 2002).
From an ecosystem perspective, lake trout are a poor substitute
for Yellowstone cutthroat. In Yellowstone Lake, lake trout occupy
greater depths than do Yellowstone cutthroat trout, so they are less
prone to be taken by fish eating birds such as bald eagle, osprey,
and pelican, which can forage down to a maximum depth of 2 meters. Lake trout are also lake spawners and usually do not enter
tributaries, where most grizzly bear and black bear/cutthroat interactions take place. Hence, National Park Service biologists are concerned that replacement of cutthroat trout by lake trout will cause
cascading trophic interactions throughout the Greater Yellowstone
Ecosystem.
Lake trout were discovered in Yellowstone Lake in 1994
(Kaeding et al. 1996). Since 1996, the National Park service has
conducted an aggressive gill netting program to remove them.
From 1996 through 2004, more than 100,000 lake trout were removed (Kael et al. 2005). In 2004, 26,634 lake trout were removed
by setting 15,781,000 meters (8,958 miles) of gill nets overnight
(Kael et al. 2005).
Reduced numbers of fish entering spawning tributaries has apparently displaced grizzly and black bears that had relied on cutthroat as an energy source during the spring-spawning period.
Weekly spawners counts in 9–11 tributaries monitored annually
from 1989 to 2004 showed that cutthroat counts dwindled from
50–70 counted per visit from 1989–1991 to one counted per visit
in 2004 (Kael et al. 2005). In 2004, a total of only 35 cutthroat

were counted in nine streams, each surveyed eight times (Kael
et al. 2005). In 1991, 50 grizzly and black bears were observed by
survey teams whereas in 2004 only eight bears were observed by
the survey teams. The loss of an important energy source has apparently not had a major impact on the grizzly bear preyed upon
in Yellowstone Park, because grizzly bear abundance is stable or
growing (Schwartz et al. 2002). However, it has caused the bears
to shift to a different energy source to replace the cutthroat trout.
At Yellowstone National Park, as Yellowstone cutthroat abundance declined, elk calves replaced cutthroat trout in grizzly bear
diets (Middleton et al. 2013). Fortin et al. (2013) investigated food
consumed by grizzly and black bears by analyzing their scats. This
study showed a 70-95% decline in cutthroat trout consumed by
grizzly and black bears, between 1997 and 2009, accompanied by
an increasing number of elk calves in their diet. Grizzly bears killed
an elk calf every 2-4 days, and black bears killed an elk calf every
4-8 days in June to offset the Yellowstone cutthroat they normally
consumed in June. Yellowstone’s elk population has declined from
about 18,000 in 1988 to about 3,900 in winter 2012/2013. Although
a number of factors have contribued to this decline (e.g., persistent
drought, introduction of wolves), the shift in diet of grizzly bear
and black bear from Yellowstone cutthroat trout to elk calves was
estimated to reduce recruitment of elk calves to the elk population
in the park by 4-16 percent (Middleton et al. 2013). This is just one
example of a cascading trophic interaction that has already taken
place.
At Glacier National Park, Montana, grizzly bears preyed upon
adfluvial kokanee salmon during their autumn spawning migration from Flathead Lake into McDonald Creek (Spencer et al.
1991). They chased the kokanee in shallow riffles and dove to the
bottom of 5 m deep pools to recover dead kokanee carcasses. One
marked bear annually returned for 11 consecutive seasons to feast
on kokanee (Spencer et al. 1991).
In September 1859, Dr. John Hector observed numerous black
bears along the upper 320 km of the Columbia River eating the
carcasses of dead Chinook salmon. Reimchen (1994, 2001) estimated that black bears (n = 8) in an old growth watershed in
British Columbia consumed 63% of the entire spawning run of
chum salmon (n = 3,611 of 5,741 fish) in 1992 and 74% of the run
(n = 4,281 of 5,785 fish) in 1993. In 1993, each bear consumed an average of 13 chum salmon per day over the 45-day spawning season.
In each year most of the female salmon were killed after they had
deposited their roe, so bear depredation had little impact upon the
population dynamics of the exploited chum salmon stock.
Besides killer whales, sea lions, harbor seals, and bears, at least
45 other species of mammals have been reported to consume
salmon (Ferris 1836; DeSmet 1845 in Chittenden and Richardson
1905; Lord 1867; Douglas 1914; Arsenieu 1941; Shuman 1950; Gard
1971; Cedarholm et al. 1989, 1990, 2000, 2003; Spencer et al. 1991;
Dollof 1993; Belyea 1994; Reimchen 1994, 2000; Willson and
Halupka 1995; Ben David et al. 1997a, 1998; Willson et al. 1998;
McLellan 2005). See Table 14.1 for complete list of species.
River otter consumed both adult and juvenile salmonids.
Dollof (1993) estimated that a pair of river otter and their young
consumed about 4,042 juvenile salmonids (coho salmon and
Dolly Varden) over a period of six weeks. This was determined by
monitoring scats deposited at a toilet site near the river otter den.
Individual scats contained up to 408 otoliths (fish ear bones that
occur in pairs) indicating that at least 204 fish had been consumed
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between defecations (Dollof 1993). A total of 8,083 otoliths were
collected from 28 scats during the study, so the average number
of coho salmon and Dolly Varden consumed between defecations
was 144 individuals.
River otter ate spawning kokanee at McDonald Creek in Glacier
National Park, Montana (Spencer et al. 1991). I have observed river
otter catching adult hatchery kokanee that were returning to egg
collecting sites below Little Falls Dam on the Spokane River and
at Sherman and Hawk creeks, tributaries of Lake Roosevelt. River
otter scats at Sherman Creek contained miniature coded wire tags
that had been injected into the kokanee salmon they had consumed. The tags were detected by waving a wand (metal detector)
over the scat. River otter raided traps maintained by state and tribal
fisheries agencies at both the Little Falls and Sherman Creek sites
and took so many spawning kokanee, that the fisheries managers had to live trap and displace the otters to other areas in the
reservoir.
Mink ate Chinook, coho and pink salmon. Ben-David et al.
(1997) determined that timing of mink reproduction was closely
linked to the availability of salmon carcasses. The high lipid
content of salmon carcasses fortified the energy content of milk
produced by lactating minks. Raccoons ate kokanee carcasses at
Harvey Creek near its inlet to Sullivan Lake, Pend Oreille County,
Washington (McLellan 2005).
Among the birds, the bald eagle (Haliaeetus leucocephalus)
and California condor (Gymnogyps californianus) were the best
known predators of salmonids (DeSmet 1845 in Chittenden and
Richardson 1905; Lord 1867; Dawson and Bowles 1909; Schumm
1950; Beuchner 1953; McLelland 1973; Stalmaster et al. 1979;
Boeker et al. 1980; Stalmaster and Gessman 1984; McLelland and
McLelland 1986; Hanson 1987; Spencer et al. 1991; Hunt et al. 1992;
McLelland et al. 1992; Willson and Halupka 1995; Bennett and
McLelland 1997; Stalmaster and Kaiser 1997; Ben-David et al. 1998).
The California condor was historically abundant along salmon rivers. Prior to 1870 condors were attracted to the Columbia River
gorge to feed on the abundance of salmon (Beuchner 1953). Their
demise may be partially attributed to dwindling supplies of salmon
which were depleted by commercial harvest. Dawson and Bowles
(1909) noted that “fifty years ago [i.e., circa 1860] bald eagles existed
on Puget Sound and along the banks of the Columbia River in almost
incredible numbers” attracted by migrating salmonids. Densities rivaled those observed today along the lower Chilkat River in Alaska
where as many as 2,800 bald eagles have been counted at one time
(Boeker et al. 1980).
Salmon carcasses may be critical to over winter survival of bald
eagles and, in some areas, to their reproductive success (Hanson
1987). The number of bald eagles over-wintering along the Skagit
River, Washington was directly proportional to chum salmon escapement (Hunt et al. 1992). On the Nooksack River, Washington,
salmonids (pink, chum, coho and Chinook) were the principle food
of wintering bald eagles (Stalmaster et al. 1979). The daily energy
expenditure of a 4.5 kg bald eagle wintering on the Nooksack was
estimated at 1,703 kilojoules (KJ), which required a daily consumption of 0.55 kg of salmon per bird (Stalmaster and Gessman 1984).
Bald eagles also prey on adfluvial populations of resident salmonids. The number of bald eagles nesting on Lake Roosevelt,
Washington increased following introduction of hatchery kokanee salmon and rainbow trout in 1987 (1987 was the first year
bald eagles were observed to nest on Lake Roosevelt). A maximum
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of two nest sites were counted from 1987 to 1989. As the stocking
rate of the kokanee and rainbow trout increased each year from
1987 to 1995, the number of bald eagles nesting and the number
of young fledged increased (SAIC 1996; Murphy 2000). By 1995,
the number of nests increased to 11 (Murphy 2000) and 26 young
were fledged. By 2000, 24 nesting sites were counted (21 occupied)
(Murphy 2000). In May–July (1995) kokanee accounted for 23%
of prey (n = 11 of 53 prey items) delivered to bald eagle nests on
Lake Roosevelt (SAIC 1996). During that same interval, relative
abundance of kokanee collected in electrofishing surveys was 3%
of all fish collected. These data suggest that bald eagles had formed
a search image for kokanee and were collectively targeting them.
Additionally, about 200 bald eagles winter along Lake
Roosevelt between Hunters and Kettle Falls, Washington and an
additional 200 winter above Grand Coulee Dam and Banks Lake
(National Audubon Society). Every year since 1997 the Washington
Department of Fish and Wildlife hatchery at Sherman Creek has
frozen approximately 600–1,500 kokanee that returned to the
hatchery and used them to feed bald eagles when the reservoir was
drawn down during the winter months. The kokanee are stocked
by the Spokane and Colville Indian Tribes, and the Washington
Department of Fish and Wildlife, from hatcheries constructed
and operated with funds received from Bonneville Power
Administration under the Northwest Power Planning Council’s
(NPPC) Columbia Basin Fish and Wildlife Program. The fish are
stocked under NPPC’s Resident Fish Substitution Policy that replaces anadromous fish in blocked areas with resident species.
Anadromous salmonids no longer are able to ascend above Grand
Coulee Dam and Chief Joseph dams, because the two dams block
their run, so these kokanee help to restore linkages that make Lake
Roosevelt a functional ecosystem.
I have observed bald eagles preying on spawning kokanee at the
mouths of several tributaries on Lake Roosevelt, from late August
through October. Most thrilling was two eagles in midair fighting
over a kokanee that had been plucked from the water by one of the
birds. The second eagle swooped down like an airplane in a dogfight. Its attack succeeded in dislodging the salmon from its captor.
The fish and the two birds, talons locked in fierce combat, tumbled
out of the sky and plummeted down about 200 feet before releasing
their embrace about 100 feet above the water. I have also observed
approximately 25–40 bald eagles in the winter and spring below
Long Lake and Little Falls dams on the Spokane River, catching kokanee smolts that were migrating downstream from Coeur d’Alene
Lake.
Bald eagle abundance was correlated with the abundance of adfluvial kokanee that ran from Flathead Lake up the Flathead River
into McDonald Creek in Glacier National Park, Montana to spawn
(McLelland and McLelland 1986; Spencer et al. 1991; McLelland et
al. 1992). The kokanee were first introduced into McDonald Creek
where it flowed out of McDonald Lake in 1936. The juvenile kokanee out migrated down the Flathead River into Flathead Lake
to forage on cladocera (Daphnia) and copepods and returned to
McDonald Creek to spawn. Eventually, natural spawning populations of kokanee developed over a 4 km section of McDonald
Creek below the outlet of McDonald Lake.
Bald eagles had not been observed at McDonald Creek during the fall until 1939, when the first kokanee spawners returned
(McLelland 1973; Spencer et al. 1991). In that year 39 bald eagles
were counted. Thereafter, the eagles returned each autumn coin-
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cident with the spawning kokanee. Their numbers gradually increased until McDonald Creek became the highest concentration
of bald eagles in the continental United States (McLelland and
McLelland 1986; Spencer et al. 1991). Between 1979 and 1985, when
kokanee escapement into McDonald Creek ranged from 12,00027,000, bald eagle visitation ranged from 150–639 birds (Spencer et
al. 1991). After 1985, the number of kokanee decreased owing to the
establishment of Mysis shrimp in Flathead Lake, which consumed
the same prey as the kokanee. The Mysis were more efficient at
cropping zooplankton than kokanee, resulting in a collapse of the
Flathead kokanee population. The number of adult kokanee entering McDonald Creek declined to fewer than 100 by 1987–1989 and
bald eagle visitation dwindled to 25 per year (Spencer et al. 1991).
The bald eagles apparently shifted their fall haunts to Canyon Ferry
Reservoir on the upper Missouri River near Helena, Montana,
where another kokanee population had been established.
In addition to California condor and bald eagle, at least 88 species of birds have been documented to prey on salmon at some
stage of their life cycle (Ferris 1836; DeSmet 1845; Arsenieu 1941;
Mossman 1958; Beuchner 1953; Moyle 1966; Gard 1971; Wood 1987a,
1987b; Cedarholm et al. 1989, 1990; Spencer et al. 1991; Dollof et al.
1993; Willson and Halupka 1995). See Table 14.1 for complete list.
Birds also consumed salmonids with adfluvial life cycles. For example in Lake Roosevelt, I have observed osprey, great blue heron
and kingfisher feeding off kokanee carcasses.
Birds such as mergansers, gulls, and Caspian terns also eat substantial numbers of salmon smolts (Wood 1987a, 1987b; Collis et al.
2001, 2002; Ryan et al. 2001a, 2001b; Roby et al. 2002, 2003; Antolas
et al. 2005). For example, merganser broods consumed 82,000–
131,000 coho smolts, or about 24–65% of the annual smolt production in a river on Vancouver Island, British Columbia (Woods
1987a, 1987b). Ring-billed gulls (Larus delawarensis) foraging in
the tailrace at Wanapum Dam consumed 50 to 562 salmon and
steelhead smolts per hour (Ruggerone 1986). Many of the fish were
vulnerable to bird predation, because they had become stunned
or disorientated when passing through a turbine, and then carried
close to the surface by strong upwelling currents. About 111,750 to
119,250 salmon and steelhead smolts [or about 2% of the estimated
spring migration (1.4 million wild and 4.1 million hatchery fish)]
were consumed by gulls in 1982 (Ruggerone 1986).
York et al. (2000) examined the stomach contents of ring-billed
gulls (n=120) and California gulls (Larus californicus) (n=45) collected below Priest Rapids Dam in 1995. Samples were collected
before, during, and after the peak of the salmonid out migration.
Results indicated that both species of gulls preyed opportunistically on fish during the peak of the migration season (May), but
that fish were of low importance in the diet at other times.
Caspian terns nesting on Crescent Island located at RKM 510
of the Columbia River in McNary Reservoir just below the confluence of the Snake River, consumed 465,000 (95% CI = 382,000–
547,000) salmon and steelhead smolts in 2000 and 679,000
(95% CI = 533,000–825,000) salmon and steelhead smolts in 2001
(Antolas et al. 2005). These were estimates over a 16 week nesting
season. Bird numbers varied throughout the nesting season. Peak
numbers of birds were 1,100 in 2000 and 1,300 in 2001 (Antolas et
al. 2005). Individual birds consumed a minimum of 4–10 smolts
per day. Steelhead smolts accounted for about 29–30% of the total salmonids consumed each year. The remainder were mainly
Chinook salmon, with smaller numbers of coho and sockeye. Even

greater numbers of smolts were consumed by Caspian terns nesting on an artificial (dredge spoil) island in the Columbia River estuary (Collis et al. 2001, 2002).
Avian predation was also documented in the tailrace below
John Day and the Dalles dams. Radio-tagged yearling (11.3%) and
sub-yearling (5.7%) Chinook salmon fell prey to gulls below the
Dalles Dam in 1995 (Collis et al. 2002). Additionally, radio-tags,
implanted in yearling spring Chinook salmon that had either migrated or were barged down the Columbia River and released below Bonneville Dam, were detected on bird colony islands in the
Columbia estuary (Schreck and Stahl 1998). About 5–29% of the
transmitters from different release groups were traced to bird colonies, suggesting that avian predation on Chinook smolts passing
through the Columbia estuary was substantial.
Collis et al. (2001, 2002) quantified the colony size and diet
composition of avian predators at large nesting colonies located in
the Columbia estuary (RKM 8–37) and on islands in the Columbia
mainstem (RKM 315, 333, 414, 510, 547, 553). Birds species observed
during their study included:
1.

California gulls and ring-billed gulls on islands near
the Tri Cities of Richland, Pasco, and Kennewick,
Washington (RKM 547 and 553) and other islands
(RKM 315, 333, 413, and 510) between the Dalles Dam
and the confluence of the Snake River (n = 23,796
birds in 1997, 18,235 birds in 1998).

2.

Glaucous-winged and western gulls at three islands
(RKM 8, 34, 37) in the Columbia estuary (n = 9,957,
birds in 1997; 7,065 birds in 1998).

3.

Double-crested cormorants at three islands (RKM 8,
34, 37) in the Columbia estuary (n = 6,572 birds in
1997; 8,653 birds in 1998).

4.

Caspian terns at one site in the Columbia estuary
(RKM 34) (n = 9,415 birds in 1997; 11,233 birds in 1998)
and two islands in the Columbia River (RKM 413 and
510) (n = 1,561 birds in 1997; 914 birds in 1998).

Among these populations, the largest number of salmonids
was consumed by birds occupying Rice Island, a dredge spoil
Island at RKM 34 in the Columbia estuary. Juvenile salmonids
comprised 74%, 46%, and 11% of the diet respectively of Caspian
terns, (n = 1,896 observations), double-crested cormorants (n = 206
observations), and glaucous winged-western gulls (n = 181 observations) on the island (Collis et al. 2002). Populations of each type of
bird on the island numbered 9,415, 1,221, and 1,583 individuals respectively in 1997 and 11,233, 1,082, and 827 individuals respectively
in 1998 (Collis et al. 2002). The proportion of different species of
salmonids in the diet of Caspian terns at Rice Island was: fall chinook (24.9%), spring/summer chinook (8.2%), coho (38.4%), and
steelhead (38.4%) (Collis et al. 2002).
Rice Island formerly supported the largest Caspian tern breeding colony and second largest double-crested cormorant breeding
colony in North America (Collis et al. 2001). As the island was
artificially constructed by disposal of dredge material, it was first
colonized by Caspian terns in 1986 and then by double-crested
cormorants in 1988 (Collis et al. 2001). Caspian terns shifted their
distribution from the Washington coast to the Columbia estuary
when abundance of forage fish in coastal waters declined during
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an extended (two decade) period of weak upwelling along the
Washington coast during the 1980s and 1990s. In 1997 and 1998
millions of juvenile salmonids migrating through the Columbia
River estuary were consumed by Caspian terns and double-crested
cormorants nesting on Rice Island (Collis et al. 2001).
Collis et al. (2001) estimated total numbers of passive integrated
transponder (PIT) tagged salmonids that were detected annually
passing Bonneville Dam from 1987 to 1998. They then compared
the dam passage count to the number of PIT tags recovered in the
tern and cormorant colonies on Rice Island. [Note: Caspian terns
are an endangered species, so they could not be disturbed by the
researchers. PIT tags were detected in bird guano and nests after
the breeding season when the birds had left the island.] Over the
11 year interval, total of 50,221 PIT tags were recovered from the
two bird colonies, 36,221 (72%) from the tern colony and 14,000
(28%) from the cormorant colony. The percentage of PIT tagged
salmonids passing Bonneville Dam detected in the bird colonies
grew as the size of the bird colonies grew, and the number of PIT
tagged salmon released increased, between 1987 and 1998. For
example, in 1997, 25,033 PIT tagged salmonids were detected passing Bonneville Dam. Of these 912 (3.6%) were recovered from the
tern colony and 411 (1.6%) from the cormorant colony (Collis et al.
2001). In 1998, 42,442 PIT tagged salmonids were detected passing
Bonneville Dam. Of these, 1,502 (3.5%) were recovered from the
tern colony and 413 (1.0%) from the cormorant colony (Collis et
al. 2001). Rice Island birds represented only a portion of the total
amount of avian predation of salmonid smolts in the Columbia
River estuary. Various species of birds nesting on other islands in
the estuary also consumed substantial numbers of salmon smolts.
Numbers and percentages of PIT tags recovered from each species of salmonid on Rice Island over the period 1987–1998 were:
Chinook (n = 25,474 or 51%), steelhead (n = 19,376 or 39%), coho
salmon (n = 5,107 or 10%), and sockeye (n = 259 or < 1%) (Collis et al.
2001). Of the PIT tags recovered on Rice Island 77% (n = 38,682) were
from hatchery salmon, 8% (n = 3,936) were from wild salmon, and 15%
(n = 7,603) were of unknown origin (Collis et al. 2001). Out of concern
that the magnitude of Caspian tern predation on juvenile salmonids
at Rice Island might be high enough to thwart recovery of 12 threatened or endangered salmonid stocks, a regional consortium of natural
resource managers (NOAA Fisheries, USACE, USFWS, IDFG, WDFW,
and CRITFC) decided it was appropriate to relocate the terns from
Rice Island (RKM 34) to East Sand Island (RKM 8) where they had
previously nested from 1984 to 1986 (Roby et al. 2002). The transfer
was accomplished from 1999 to 2001. Since Caspian terns prefer bare
sand nesting habitat, bulldozers were used to remove woody plants,
grasses, and forbs from the east end of East Sand Island in March
1999. Caspian tern decoys and broadcasting of Caspian tern vocalizations that had been recorded on Rice Island were used to make
the East Sand Island nesting site socially attractive. Some glaucouswinged gulls were shot to discourage nest predation on Caspian terns,
which was one factor that had contributed to the failure of Caspian
terns in establishing a permanent nesting colony on East Sand Island
in the mid 1980s (Roby et al. 2002). Gulls were killed in 1999 but not
2000 or 2001. To discourage the Caspian terns from continuing to
use Rice Island, their nesting habitat was reduced by planting vegetation, fencing, and stringing wire with streamers over the Caspian tern
colony site. Bald eagle decoys were also used to haze the terns in 1999.
The numbers of breeding pairs of Caspian terns that nested at
East Sand Island increased from 1,400 to 8,500 to 8,900 in 1999,
968

2000, and 2001 respectively (Roby et al. 2002). The number of
breeding pairs on Rice Island decreased from 8,300 to 590 to 0 in
1999, 2000, and 2001 respectively (Roby et al. 2002).
Nesting success of the terns on East Sand Island (0.6–1.4 young
fledged per breeding pair from 1999–2001) was greater than nesting
success at Rice Island (< 0.1–0.6 young fledged per breeding pair from
1997–2000), so the forced relocation “was an effective management action for reducing predation on juvenile salmonids without harm to the
population of breeding terns, at least in the short term” (Roby et al. 2002).
I was unable to determine how much relief salmon in the Columbia
River estuary actually received from this relocation effort. In previous
papers, the authors were careful to estimate total consumption of salmonids (in numbers of fish) consumed by terns at Rice Island (e.g.,
see Collis et al. 2001, 2002). In Roby et al.’s (2002) report neither the
total numbers nor biomass of fish consumed by the terns on either Rice
Island or East Sand Island was reported, so the percentage may not be
a reliable indicator of the total number of salmonids consumed at each
location. Since about three times as many young birds were fledged per
nest on East Sand Island as Rice Island, it seems probable that the birds
on East Sand Island supported this increased survival by consuming
more fish than those on Rice Island. It does seem clear that predation
on salmonids was less after the relocation project, but may not be as
high as the 50% reduction indicated by the average 42% salmonids in
the diet at East Sand Island compared to 83% at Rice Island.
Salmonids accounted for 81% of the diet of Caspian terns (n = 86
observations) nesting on Three Mile Island in the Columbia River
and 72% of the diet of Caspian terns nesting on Crescent Island
(near the Confluence of the Snake River) in 1997 and 1998 (Collins
et al. 2002).
At the Dalles Dam, gulls (n = 5,204) consumed 64,787 salmonids between April 25 and August 30, 1955 (Jones et al. 1999). Gulls
(n = 215, 372, and 1,743) at John Day Dam consumed 5,196, 22,772
and 94,176 salmonids during the salmon migration season (mid
April - May) in 1996, 1997, and 1998 respectively (Jones et al. 1999).
In 1998, a total 5,274,032 juvenile salmonids passed the dam so the
percentage consumed by gulls was 1.8%. Diet analysis indicated
that the stomachs of 14 of 56 gulls sampled at the Dalles and John
Day dams contained fish and all of the identifiable fish remains
were juvenile salmonids.
Gulls and Caspian terns nesting on islands in McNary
Reservoir also consumed juvenile salmonids. For example, juvenile salmonids comprised 78% of the diet of Caspian terns nesting
on Crescent Island near the Tri-cities (Jones et al. 1999).
Stomach contents of 38 California and ring-billed gulls collected at McNary Dam in May 1955 contained 101 Pacific lamprey
ammocoetes larvae, 57 western brook lamprey adults and 5 recognizable juvenile salmonids (Merrell 1959). This work was the basis
for the statement made in Chapter 7 (page 559) about lamprey
possibly acting to buffer predation on juvenile salmonids (Close
et al. 1986). These historical observations suggested that the diet
of gulls may now be different because lamprey abundance in the
Columbia Basin has declined markedly since 1933 when the first
mainstem dam was constructed.
In 2001, a total of 45,065 passive integrated transponder (PIT)
tags from salmon and steelhead smolts, 4.1% of the 1,099,291 PIT
tagged fish released at various locations in the Columbia River that
year, were recovered at 14 bird colonies throughout the Columbia
Basin (Glabek et al. 2003). Bird colonies examined for tags,
included:
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Family Salmonidae

1.

Solstice Island located in Potholes Reservoir located
RKM of the Columbia River south of Moses Lake,
Washington (Caspian tern).

2.

Island 18 located in McNary (Lake Wallula) Reservoir
at RKM 549 (Gull).

3.

Richland Island located in McNary (Lake Wallula)
Reservoir at RKM 545 (Gull).

4.

Foundation Island located in McNary (Lake Wallula)
Reservoir at RKM 519 (Cormorant).

5.

Badger Island located in McNary (Lake Wallula)
Reservoir at RKM 512 (Pelican).

6.

Crescent Island located in McNary (Lake Wallula)
Reservoir at RKM 509 (Caspian tern).

7.

Crescent Island located in McNary (Lake Wallula)
Reservoir at RKM 509 (Gull).

8.

Three mile Canyon Island located in John Day (Lake
Umatilla) Reservoir at RKM 412 (Caspian tern).

9.

Three mile Canyon Island located in John Day (Lake
Umatilla) Reservoir at RKM 412 (Gull).

tern colony on East Sand Island in the Columbia
Estuary.
• Large numbers of smolts released at these
locations were also taken by Caspian terns at
Crescent Island (McNary Reservoir) and Solstice
Island (Potholes Reservoir).
• Most bird predation on Tucannon River spring
Chinook occurred at the tern colonies on East
Sand and Crescent Islands (20 of 25 PIT tags
recovered).
• Bird predation on wild and hatchery spring/summer Chinook released in the Tucannon River was
uniform.
2.

• Most of the bird predation on fall Chinook released in the Yakima and Snake Rivers occurred
at the Caspian tern and gull colonies on East
Sand Island near the mouth of the Columbia
River (n = 392 and 203 respectively of 711 total
PIT tags recovered on bird islands). Most of the
remaining tags (n = 52) were recovered at the tern
colony on Crescent Island. None were recovered
from the tern colony in Potholes Reservoir.

10. Little Miller Island located in the Dalles (Lake Celilo)
Reservoir at RKM 330 (Gull).
11.

Little Memaloose Island located in the Dalles (Lake
Celilo) Reservoir at RKM 314 (Gull).

12. East Sand Island located in the estuary at RKM 8
(Caspian tern).
13.

East Sand Island located in the estuary at RKM 8 (Gull).

Similar studies were conducted between 1998 and 2000. Total
bird predation on all species of salmon ranged from 2.9–4.2% annually based on a range of 950,952 to 1,5028,251 PIT tagged fish
released annually during these years (Glabek et al. 2003).
Some examples of bird predation on PIT tagged salmonids released at various locations in eastern Washington is presented in
Tables 14.3 to 14.7. The tables were constructed using data from the appendices in Glabek et al. (2003) to show the magnitude of predation
as the fish passed each bird colony during their seaward migration.
Results of this analysis indicated:
1.

Fall Chinook (Table 14.4).

Spring/summer Chinook (Table 14.3).
• Bird predation on spring/summer Chinook
varied by release location (0.5–7.5%) but averaged
4.4% among all release locations.

• None of 17,565 fall Chinook salmon barged from
Lower Granite Dam on the Snake River to below
Bonneville Dam were found on any bird island.
This result was surprising: it may indicate either
that barging greatly reduces bird predation, including bird predation in the estuary, or that the barged
fish experienced nearly total mortality. If barged
fish moved more quickly through the estuary than
those that migrated down the river, predation
on barged fish by birds nesting on islands in the
estuary might be reduced. Salmon smolts become
physiologically pre-adapted to tolerate saltwater
while still in freshwater. If they have not reached
saltwater within a certain time frame they will
residualize (i.e., physiological regulatory mechanisms revert back to freshwater) and have a difficult time readjusting to saltwater. One reason why
smolts are barged is that impounded waters behind
mainstem Columbia and Snake River dams delays
migration. Thus, it is possible that barged fish
are at peak adaptation to seawater and can scoot
through the estuary, thus minimizing the time of
exposure to the bird threat. Fish migrating in river
may have begun to residualize and migrated slowly
through the estuary, exposing them to bird predators over a longer period of time.
• The alternative possibility, that barged fish may
have experienced nearly total morality, is inferred
from the observation that tags from many groups
released at sites far up the Columbia River were
recovered on the gull and tern colonies on East
Sand Island. The total number of PIT tagged fish

• About half of the bird predation on spring/
summer Chinook salmon, released at dams
(Wells, Rocky Reach, Rock Island) or tributaries (Methow, Wenatchee, Yakima rivers) in the
Mid-Columbia region, occurred in the Caspian
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Table 14.3

Number of species of spring / summer chinook PIT tagged at various locations and the number of those tags found on
bird colonies. Recovery location listed in RKM upstream from the mouth of the Columbia River
Tagging Locations
Wells SFH
Hatchery

Recovery Location
# tagged
Solstice Island, Caspian Tern
Colony, Potholes Reservoir
Island 18, Gull Colony, McNary
Dam Reservoir
Richland Island, Gull Colony,
McNary Dam Reservoir
Foundation Island, Cormorant
Colony, McNary Dam Reservoir
Badger Island, Pelican Colony,
McNary Dam Reservoir
Crescent Island, Gull Colony,
McNary Dam Reservoir
Crescent Island, Caspian Tern
Colony, McNary Dam Reservoir
Three mile Island, Caspian Tern
Colony, John Day Reservoir
Three mile Island, Gull Colony,
John Day Reservoir
Little Miller Island, Gull Colony,
Dalles Reservoir
Little Memaloose Island, Gull
Colony, Dalles Reservoir
Rice Island, Cormorant Colony,
Columbia Estuary
East Sand Island, Caspian Tern
Colony, Columbia Estuary
East Sand Island, Cormorant
Colony, Columbia Estuary
Total consumed by birds
Percentage consumed
by birds

RKM

Rocky
Reach
Dam

Winthrop Leavenworth
NFH
NFH
Hatchery

Hatchery

Wild

Hatchery

Wild

45,010

7,423

7,580

1,495

2,614

301

158

5

376

400

34

44

1

51

47

3

6

10

545

2

85

74

5

7

10

519

2

46

41

6

3

6

5

6

519

4
1

509

1

28

19

5

5

1

2

509

15

396

368

165

173

26

32

8

1

1

1
412

16

14

3

1

1

3

33

145

150

13

21

5

3

314

26

27

2

2

4

34

10

6

1

3

2

1

348

3

1,028

1,133

215

203

43

43

5

6

8

4

197

205

26

29

1

7

1

1

32

2,410

2,490

478

497

105

107

19

10

>1.0%

5.3%

5.5%

6.4%

6.6%

7.0%

7.2%

6.3%

6.3%

4.

• Most of the predation on sockeye salmon released in the mid Columbia at Rock Island and
Rocky Reach Dam occurred at the East Sand
Island (n = 36) and Crescent Island (n = 38) tern
colonies.

Coho salmon (Table 14.5).

• Most of the bird predation on coho salmon
released in tributaries of the mid Columbia
(Methow, Wenatchee, and Yakima rivers) were
taken on the tern colonies at Crescent Island near
the Tri-cities and Solstice Island in the Potholes
Reservoir (n = 1,213 and 77 respectively of a total
of 1,918 PIT tags recovered on bird colonies).

Sockeye salmon (Table 14.6).
• Birds consumed 4.8% (n = 125 of 2,597) PIT
tagged sockeye.

• Birds consumed 5.2% (n = 1,918 of 36,624) of PIT
tagged coho salmon.
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Tucannon River

45,108

549

Hatchery Hatchery Hatchery

Yakima River

6,000

released in each group ranged from 224 to 3,006.
Thus, I do not comprehend why none of 17,565
barged salmon released below Bonneville Dam
(i.e., closer to the estuary) were recorded in the
East Sand Island in the bird colonies.
3.

Rock
Island
Dam

• In contrast, only 0.7% of the PIT tags placed in
sockeye released at Alturas and Redfish lakes
(Snake River Basin), Idaho were found in bird
colonies (n = 13 of 1,796 PIT tagged fish released).
5.

Steelhead trout (Table 14.7).
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Family Salmonidae

Table 14.4

Fall Chinook PIT tagged at various locations and the numbers of these tags found on bird colonies. Recovery locations in
RKM upstream from the mouth of the Columbia River.
Tagging Locations
Priest
Rapids
SFH

Ringold
SFH

Hatchery

Hatchery

Hatchery

Wild

Hatchery

Hatchery

Hatchery

RKM

2,997

3,006

1,020

224

81,758

991

419

549

1

9

2

1

4

1

1

7

1

Recovery Location
# tagged
Solstice Island, Caspian Tern Colony,
Potholes Reservoir
Island 18, Gull Colony, McNary Dam
Reservoir
Richland Island, Gull Colony, McNary
Dam Reservoir
Foundation Island, Cormorant Colony,
McNary Dam Reservoir
Badger Island, Pelican Colony, McNary
Dam Reservoir
Crescent Island, Gull Colony, McNary
Dam Reservoir
Crescent Island, Caspian Tern Colony,
McNary Dam Reservoir
Three mile Island, Caspian Tern Colony,
John Day Reservoir
Three mile Canyon Island, Gull Colony,
John Day Reservoir
Little Miller Island, Gull Colony, Dalles
Reservoir
Little Memaloose Island, Gull Colony,
Dalles Reservoir
Rice Island, Cormorant Colony, Columbia
Estuary
East Sand Island, Caspian Tern Colony,
Columbia Estuary
East Sand Island, Cormorant Colony,
Columbia Estuary
Total consumed by birds
Percentage consumed by birds

545
519

3

519

Yakima River

Lyons
Tucannon
Ferry SFH
River

3
5

6

2

1

20

17

1

509
509

Snake
River

8

4

1

1

1

1

1

412
33

1

1

314
34

1

9

1

345

22

348

8

10

7

8

10

6

2

2

179

4

31
1.0%

42
1.4%

15
1.5%

6
2.7%

563
0.7%

52
5.2%

• Birds consumed 11.2% (n = 4,873 of 43,621) PIT
tagged steelhead. Percent consumption ranged
from 5.4 to 18.6% at different release locations.

1

2
0.5%

• Steelhead released in the mid-Columbia at
Rock Island Dam appeared in the tern colony at
Solstice Island in Potholes Reservoir (n = 158), but
few steelhead released in the Snake River drainage (n = 3) appeared there.

• Thus, birds consumed considerably more PIT
tagged steelhead than they did Pacific salmon
(average consumption ranged from 4.4 to 5.0%).

• Hatchery and wild steelhead released at the same
location suffered about the same level of bird
predation.

• The highest proportion of steelhead PIT tags were
recovered on Caspian tern colonies at Crescent
Island (n = 1,814 or 37.2% of 4,873 steelhead PIT
tags recovered on bird islands), East Sand Island
(n = 1,149 or 23.6%), and Potholes Reservoir
(n = 161 or 6.6%), but good numbers were taken
by birds at most locations.

• One interesting comparison was two groups of
wild steelhead captured in the juvenile bypass
facility at Lower Granite Dam. One group
(n = 3091) was released into the Lower Granite
Dam tailrace and allowed to migrate downstream. The other group (n = 15,878), also composed of wild steelhead, was barged downriver
and released below Bonneville Dam. For the
group migrating in-river, bird predation occurred along the length of the Columbia River.

• The highest percentage of steelhead consumed by
birds was for a group of steelhead tagged in the
Tucannon River.
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519
519
509
509

Foundation Island, Cormorant
Colony, McNary Dam Reservoir

Badger Island, Pelican Colony,
McNary Dam Reservoir

Crescent Island, Gull Colony, McNary
Dam Reservoir

Crescent Island, Caspian Tern
Colony, McNary Dam Reservoir
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Percentage consumed by birds

Total consumed by birds

8

348

East Sand Island, Caspian Tern
Colony, Columbia Estuary

East Sand Island, Cormorant Colony,
Columbia Estuary

34

Rice Island, Cormorant Colony,
Columbia Estuary

5.16%

413

12

1

9.91%

876

26

1.57%

154

2

21

9

314

32

Little Memaloose Island, Gull
Colony, Dalles Reservoir

13

33

Little Miller Island, Gull Colony,
Dalles Reservoir

12

1

2

412

Three mile Canyon Island, Gull
Colony, John Day Reservoir

47

1

3

9

2

651

14

8

24

36

23

9,827

Yakima
River

Three mile Island, Caspian Tern
Colony, John Day Reservoir

357

4

1

9

17

545

Richland Island, Gull Colony, McNary
Dam Reservoir
5

16

9

8,840

549

8,000

Island 18, Gull Colony, McNary Dam
Reservoir

RKM

Leavenworth
NFH

76

# tagged

Winthrop
NFH

Tagging Location

4.77%

475

6

90

1

48

10

1

158

7

3

11

80

59

1

9,957

Naches
River

Number of coho PIT tagged at various locations and the numbers of these tags
found on bird colonies. Recovery locations in RKM upstream from the mouth of the
Columbia River.

Solstice Island, Caspian Tern Colony,
Potholes Reservoir

Table 14.5

Total consumed by birds
Percentage consumed by birds

9

519

8

348

34

314

33

412

509

509

3.85%

77

6

30

1

5

31

4

5

545

519

6

6

1,998

549

#tagged RKM

RRE
Wild

Release code
Recovery Location

Rocky Reach Dam

5.66%

3

1

1

1

53

Hatchery

RIS

2.93%

16

1

5

1

2

7

1

1

1

546

Wild

Rock Island Dam

Tagging Location

Number of sockeye PIT tagged at various locations and the number
of those tags found on bird colonies. Recovery location listed in RKM
upstream from the mouth of the Columbia River

Solstice Island, Caspian Tern Colony,
Potholes Reservoir
Island 18, Gull Colony, McNary Dam
Reservoir
Richland Island, Gull Colony, McNary
Dam Reservoir
Foundation Island, Cormorant Colony,
McNary Dam Reservoir
Badger Island, Pelican Colony, McNary
Dam Reservoir
Crescent Island, Gull Colony, McNary
Dam Reservoir
Crescent Island, Caspian Tern Colony,
McNary Dam Reservoir
Three mile Island, Caspian Tern Colony,
John Day Reservoir
Three mile Canyon Island, Gull Colony,
John Day Reservoir
Little Miller Island, Gull Colony, Dalles
Reservoir
Little Memaloose Island, Gull Colony,
Dalles Reservoir
Rice Island, Cormorant Colony,
Columbia Estuary
East Sand Island, Caspian Tern Colony,
Columbia Estuary
East Sand Island, Cormorant Colony,
Columbia Estuary

Table 14.6
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Family Salmonidae

Table 14.7

Number of steelhead PIT tagged at various locations and the number of those tags found on bird colonies. Recovery location listed in RKM upstream from the mouth of the Columbia River.
Tagging Location

Rock Island Dam
Recovery Location
# tagged

RKM

Solstice Island, Caspian
Tern Colony, Potholes
Reservoir

Lower Granite
Dam

Lower
Granite
Dam

Grand Ronde
River

Tucannon River

Hatchery

Wild

Hatchery

Wild

Hatchery

Hatchery

Wild

Hatchery

Wild

Hatchery

2,829

1,198

14,690

3,091

15,878

2,216

1,144

1,024

333

856

119

39

2

1

Island 18, Gull Colony,
McNary Dam Reservoir

549

21

4

45

5

3

2

3

Richland Island, Gull
Colony, McNary Dam
Reservoir

545

41

11

160

11

14

4

9

2

Foundation Island,
Cormorant Colony,
McNary Dam Reservoir

519

6

277

58

36

12

13

2

Badger Island, Pelican
Colony, McNary Dam
Reservoir

519

6

2

24

4

4

1

5

Crescent Island, Gull
Colony, McNary Dam
Reservoir

509

40

17

234

38

4

33

7

15

2

Crescent Island,
Caspian Tern Colony,
McNary Dam Reservoir

509

166

95

963

222

21

142

51

84

40

1

Three mile Island,
Caspian Tern Colony,
John Day Reservoir
412

7

Little Miller Island,
Gull Colony, Dalles
Reservoir

33

45

Little Memaloose
Island, Gull Colony,
Dalles Reservoir

314

1

Rice Island, Cormorant
Colony, Columbia
Estuary

34

East Sand Island,
Caspian Tern Colony,
Columbia Estuary

348

29

13

136

8

1

1

363
12.8%

Total consumed
by birds
Percentage
consumed by birds

20

9

1

Three mile Canyon
Island, Gull Colony,
John Day Reservoir

East Sand Island,
Cormorant Colony,
Columbia Estuary

Touchet River
(Dayton
Acclimation
Pond)

14

2

3

3

130

23

21

30

1

1

1

1

15

1

30

868

32

7

1

168

158

1993

395

1102

32

7

153

62

46

13.2%

13.6%

12.8%

6.9%

1.4%

0.6%

14.9%

18.6%

5.4%

15

2
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2

1

5

9

5

11

7

12

11

4

1

973

Chapter 14

Of 395 total PIT tags from this group extracted
from bird colonies, 361 (91%) were recorded
from colonies above the Dalles Dam and the
remainder (9%) from the tern and cormorant
colonies in the Columbia Estuary. The largest number was (n = 222 of 393 recovered tags)
recovered at Crescent Island. For the group that
was barged, bird predation was greatest at the
tern colonies in the Columbia Estuary. Of 1,103
total PIT tags from this group extracted from
bird colonies, 1,036 (94%) were found on East
Sand Island and the remainder (6%) on bird
islands in the Dalles, John Day, and McNary
reservoirs. Overall, the percentage of PIT tags
recovered on bird islands was 12.8% (n = 395
of 3,091 tagged) for fish that migrated in-river
compared to 6.9% (n = 1103 of 15,878 tagged) for
fish that were barged. Thus, barge transportation
appeared to reduce bird predation. Steelhead
migrate earlier in the year and higher up in the
water column than Chinook salmon, making
them more susceptible to avian predators.
Many PIT, radio, and floy tags that had been placed on juvenile
salmonids in the mid Columbia region were found in a Caspian
tern nesting colony at Solstice Island in the Potholes Reservoir
(Collis et al. 2001, 2002).
Floy tags from rainbow trout released in Lake Roosevelt have been
recovered on several bird colonies. In 1997, two fish released from a net
pen at Kettle Falls, Washington on April 24, 1996 (n = 1,000), 15 fish
released from the Kettle Falls net pen on May 10, 1997 (n = 1,000 released), and 10 fish released from a net pen at Seven Bays, Washington
on June 3, 1997 (n = 1,000 released) were recovered from the Caspian
Tern Colony at Rice Island in the Columbia Estuary during the summer of 1997. These fish were apparently flushed down the Columbia
River by high flows in 1997 as evidenced by their recovery at juvenile
salmon bypass facilities located at Rock Island (RKM 730) and John
Day (RKM 348) dams. In May and June 1997, 59 fish from the May 19,
1997 release at Kettle Falls were recovered at Rock Island Dam and five
were recovered at John Day Dam.
Additionally, tags from several Lake Roosevelt rainbow trout
were collected at the Solstice Island Caspian tern colony in
Potholes Reservoir, south of Moses Lake, Washington. Floy tags
from Rainbow trout released at Keller Ferry (n = 12), Seven Bays,
(n = 9) and Kettle Falls, Washington (n = 1) were recovered at
Caspian tern nests on Potholes Reservoir. Because there is no historical record of Caspian tern visitation in Lake Roosevelt, I infer
that these rainbow trout were mostly likely pumped up from Lake
Roosevelt into Banks Lake and then dispersed through the canal
system of the Columbia Basin Project into Potholes Reservoir,
which acts as a catchment to collect the water passing through the
Columbia Basin Project. An alternative possibility is that they were
entrained at Grand Coulee Dam and collected by Caspian terns
fishing below the mid-Columbia mainstem dams that nested on
Solstice Island. The fact that Solstice Island terns had also consumed Chinook salmon, coho salmon, and steelhead trout from
the mid-Columbia tributaries supports this alternative.
In 2005, tags from one fish released at Seven Bays on March 23,
and five fish released at Keller Ferry on March 30 or April 1, were
recovered in nests from the Caspian Tern colony at McNary Dam
974

(RKM 470) on August 8/9. These fish were likely entrained through
Grand Coulee Dam as Lake Roosevelt was drawn down for flood
control in the spring of 2005.
Bird predation at the four lower Snake River dams (Ice Harbor,
Lower Monumental, Little Goose, and Lower Granite) has not
been quantified (Bayer 2003). Potential for predation is high, especially at Ice Harbor, because hundreds of cormorants and terns,
and thousands of gulls nest on islands at the confluence of the
Columbia and Snake rivers about 15 km below the dam.
Avian predation on salmon and steelhead smolts in tributaries is suggested by the fact that only about 67% of salmonids that
start their migration in a tributary make it the first nearby dam in
the mainstem. Avian predation in the Yakima River was described
by Phinney et al. (2000), Major et al. (2003), and Stephensen and
Fast (2005). In the initial years of the study (1997–1998) significant predation by ring-billed and California gulls was observed at
“hot spots” along the Yakima River such as Horn Rapids irrigation
diversion dam and Chandler irrigation canal smolt bypass outfall
(Phinney et al. 2000). During the out migration season in 1998,
Phinney et al. (2000) estimated that gulls consumed 20,987 salmonids at Horn Rapids Dam (1.7% of those that passed over the
dam) and 2,607 salmonids at the Chandler outfall (1.1% of those
that passed through the outfall).
Major et al. (2003) and Stephenson and Fast (2004) estimated salmonid consumption by gulls at Horn Rapids Dam and
the Chandler irrigation canal outfall and obtained the following
data. Total numbers of salmonids consumed were 21,563 (in 1999),
163,475 (in 2000), 248,172 (in 2001), 279,481 (in 2002), 141,349 (in
2003), and 12,077 (in 2004). Assuming that all of the fish being
consumed by gulls at these two “hot spots” were salmonid out migrants released from the Chandler juvenile fish monitoring facility, then gull predation accounted for 0.1% mortality in 1999, 5.9%
mortality in 2000, 7.3% mortality in 2001, and 10.3% mortality in
2002 (Major et al. 2003), and 3.5% mortality in 2004 (Stephenson
and Fast 2005).
Major et al. (2003) determined the distribution and abundance,
and estimated the consumption, by fish eating birds along the
length of the Yakima River over a four year period (1999–2002).
Sixteen species of birds were counted and predation monitored in
three strata: Lower (RKM 0–198) in 2001–2002, Middle -- Yakima
Canyon (RKM 198–238)–in 1999–2000; and Upper (RKM 238–322)
in 1999–2002. Common mergansers were estimated to consume
28,383 kg of fish (78–94% of the fish consumed by all birds) in the
upper stratum over the four years (Major et al. 2003). Great blue
herons accounted for 29–36% of the fish take in the middle stratum
in 1999 and 2000. American white pelicans accounted for 53–55%
of the fish take in the lower stratum in 2001 and 2002 (Major et al.
2003).
At Bonneville Dam, predation by gulls on fish was monitored
during the juvenile salmon and steelhead out migration season
(April 11–August 3) from 1995 to 1998 (Jones et al. 1996, 1997, 1998,
1999). It was assumed that all of the fish consumed by birds between these dates were migratory juvenile salmonids. In 1996,
gulls (n = 1,676) caught 84,694 fish or about 1.2 % of an estimated
7,305,900 salmonids that passed through Bonneville Power House
No. 1 (Jones et al. 1997). In 1997 and 1998, with bird exclusion
devices (wires) deployed over the powerhouse and spillway tailraces, fewer gulls were present but it was unclear if this was due to
the presence of the wires or the fact that fewer salmonids passed
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through the dam. In 1997, gulls (n = 347) consumed 11,114 fish or
about 0.4% of 2,804,398 salmonids that passed through Bonneville
Power House No. 1 (Jones et al. 1998). In 1998, gulls (n = 672)
consumed 35,966 fish or about 1.1% of 3,154,266 fish that passed
through Bonneville Power House No. 1 (Jones et al. 1998). Wire exclusion devices appeared to have limited effectiveness in reducing
predation because the percentage of fish taken by birds was similar
in 1996 (before exclusion wipes were in place) and 1998 (after exclusion wires were in place).
Losses of juvenile salmonids to avian predation has engendered
research on how to reduce the number of piscivorous birds at dams
along the Columbia River. The tailraces of these dams are thought
to concentrate both avian and fish predators because Pacific salmon
and steelhead smolts that pass through turbines or over spillways
are buffeted and their reaction times reduced, which make them
more susceptible to both piscivorous bird and fish predators, such
as northern pikeminnow, channel catfish, smallmouth bass and
walleye. Initially, non lethal methods, such as installation of bird
exclusion devices (wire grids with strips of reflective tape) strung
above the tailraces of the dams (where the majority of the predation takes place) were used to deter fish-eating birds at federal and
PUD dams along the Columbia and Snake rivers. Hazing with pyrotechnics (cracker or screamer shells), propane cannons, or water
cannons have also been used to scare birds away.
Non-lethal methods were ineffective, so the United States Army
Corps of Engineers and Public Utility Districts have resorted to
shooting birds to curb losses of federally listed salmonids to bird
predators (Parrish 2004). From 1997 to 2001 a total of 11,500 birds
were slain, including 10,404 gulls, 835 double-crested cormorants,
273 grebes (nearly all western grebes), seven great blue herons,
and one common merganser (Parrish 2004). The number of birds
killed at Columbia River Dams and fish hatcheries increased exponentially between 1997 and 2001 (n ≈ 1,300 in 1997, 2,400 in 1998,
3,100 in 1999, 3,800 in 2000, and 6,100 in 2001) (Parrish 2004).
This action has drawn the ire of conservationists and environmentalists and negative publicity in the popular press (See review by
Bayer 2003). These techniques have been used at Bonneville, the
Dalles, John Day, McNary, Priest Rapids, Wanapum, Rock Island,
Rocky Reach, and Wells dams on the Columbia and at Ice Harbor,
Lower Monumental, Little Goose, and Lower Granite dams on the
Snake River (Bayer 2003).
Bird predation on out migrating salmon and steelhead smolts is
currently being quantified at Rock Island and Rocky Reach dams,
which are operated by Chelan County PUD (Parrish 2004). Wire
exclusion grids, hazing techniques, and occasional lethal removal
had been used to discourage avian predators (Bayer 2003). One
objective of the study is to determine which species of birds represented the greatest threat to salmonids. Another objective of the
study was to identify an acceptable amount of mortality on ESA
listed salmonids by all avian and piscine predators before predator control is warranted. This approach recognizes the trade-offs
between allowing some consumption of salmonids by predators
(thus fulfilling the ecological role of the salmon) while, at the same
time, ensuring adequate survival to produce enough adult spawners to replace the parent stock. An anticipated benefit of the study
is that the need for lethal control of avian predators will be avoided
or at least minimized.
The study was focused around collecting data about four factors
that influence predation rates by different piscivorous birds. These

factors included: 1) preference for salmon smolts; 2) the amount of
time the predators are present during the salmonid out-migration
season; 3) the population of the predators; and 4) the amount of
food that was needed to meet the daily metabolic (energy) demand
of each predator.
Diet analysis, bioenergetics modeling and satellite telemetry
were used to:
1.

Determine how many salmonids were eaten by each
species of bird in the mid-Columbia region;

2.

Help natural resource managers and policy makers
make informed decisions about which birds were an
actual threat; and

3.

Design adaptive management strategies to control
avian and fish predators when predation reaches
unacceptable levels.

Results of this study are currently in press and awaiting publication (Dr. Julia Parrish, School of Aquatic and Fishery Science,
University of Washington, Seattle, pers. comm.). Dr. Parrish presented her preliminary findings to the Northwest Power Planning
and Conservation Council in 2004 (Parrish 2004). Avian predators of juvenile salmonids at Rock Island and Rocky Reach dams
included gulls, mergansers, cormorants, and terns. Common mergansers ate the most salmon (about 65% of all salmon consumed
by birds), followed by gulls (24%) double-crested cormorants (9%)
and Caspian terns (2%).
Caspian terns targeted salmon but were transients that passed
through the mid-Columbia before the peak of the salmonid outmigration. Caspian terns, tagged with satellite transmitters at
Potholes Reservoir (about 50 km to the east of the Columbia River,
paused briefly below Priest Rapids, Wanapum, and Rock Island
dams on their migration to Puget Sound or the southwestern
Washington coast (Parrish 2004). They remained at these stopovers for only a short time; so, although they ate whatever salmon
were available, they actually had little impact in reducing smolt
numbers (in part because few smolts passed the dams at the time
the terns were there). In contrast, common mergansers did not target salmon, but they were abundant, present in the mid-Columbia
throughout the year, and had a high metabolic demand; so they
posed the greatest threat to juvenile salmon and steelhead passing below the mid-Columbia dams (Parrish 2004). Thus, this study
indicated that among potential bird predators initial control efforts
should focus on common mergansers at these dams.
I am unaware of similar efforts at federal dams on the Columbia
and Snake rivers, but this approach makes sense to me because it is
consistent with recognizing the role that salmonids play in the ecosystem of supporting populations of other organisms by providing
food for them. In contrast, indiscriminate killing of birds in the
absence of this type of information makes no sense to me. Again,
I reiterate that a major goal of any salmon restoration effort, and,
indeed, its success, should be measured by the extent to which it
restores food web interconnections and links between the aquatic
and terrestrial components of the ecosystem.
Native resident fishes known to consume salmon carcasses
or eggs included river lamprey, Pacific lamprey, white sturgeon,
northern pikeminnow, longnose sucker, bridgelip sucker, largescale
sucker, cutthroat trout, rainbow (steelhead) trout, coho salmon,
bull trout, Dolly Varden, grayling, three-spined stickleback, bur-
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bot, and several species of sculpin (DeSmet 1845 in Chittenden and
Richardson 1905; Lagler and Wright 1962; Donaldson 1967; Kline
et al. 1990; Fletcher et al. 1993; Michael 1995; Willson and Halupka
1995; Bilby et al. 1996, 1998; Bonar et al. 1997b; Gende et al. 2002;
Wipfli et al. 1999, 2003, 2004; Wydoski and Whitney 2003; Heintz
et al. 2004). Father DeSmet (1845) observed “Incalculable shoals of
salmon [ascended the Columbia River to its source]. Great quantities
of trout and carp [i.e., suckers] follow them and regaled themselves
on the spawn.”
Burbot in Banks Lake, Grant County, Washington fed predominantly on kokanee when one million kokanee were stocked per year
from the mid 1950s to the mid 1960s (Wydoski and Whitney 2003).
After kokanee stocking ceased, kokanee abundance declined as did
burbot (Wydoski and Whitney 2003). In Lake Roosevelt, Ferry,
Lincoln, and Stevens counties, Washington burbot abundance increased following the commencement of stocking kokanee smolts
in 1992. I have collected large adult burbot at the mouths of spawning tributaries during the fall with sexually mature adult kokanee
>350 mm TL in their stomachs.
Burbot in Sullivan (Nine 2005; Nine and Scholz 2005) and
Bead (Rader 2006; Rader et al. 2006) lakes (Pend Oreille County,
Washington) consumed kokanee. At Sullivan Lake, burbot also
congregated off the mouth of Harvey Creek to feed on kokanee
larvae that were migrating into Sullivan Lake in April. Burbot in
Okanogan Lake, British Columbia, consumed kokanee (Clemens
et al. 1929).
Following the construction of Libby Dam on the Kootenai River,
in Montana in 1972, nutrients that formerly traveled to Kootenay
Lake, British Columbia, were intercepted by (and settled in) the
newly created reservoir (Lake Koocanusa), resulting in declines
in primary or secondary productivity of Kootenay Lake. Reduced
productivity resulted in the extirpation of adfluvial spawning runs
of kokanee in the tributaries of the Kootenai River, Idaho (above
Kootenay Lake). Burbot and white sturgeon were predators of kokanee and their abundance declined sharply as kokanee abundance
declined.
Resident fish, particularly other salmonids, also benefit from
nutrients derived from decomposing salmon carcasses as they
pass up the food chain. Recruitment of juvenile coho salmon in
the Skagit River, Washington was directly proportional to pink
salmon escapement (Michael 1995). More juvenile coho survived
per parent in years when pink salmon biomass was high than in
years when pink salmon biomass was low (Michael 1995). Bilby et
al. (1996) found that stable isotopes of marine derived nutrients
(N₁₅ and C₁₃) were higher in juvenile coho salmon and resident cutthroat trout collected in two streams with anadromous coho runs
than in two streams that had no anadromous fish owing to impassable waterfalls. Growth rates of juvenile coho doubled shortly
after the release of nutrients by the decomposing adult carcasses.
Torrent sculpin and steelhead in the stream also benefited.
Wipfli et al. (2003, 2004) determined that production of coho
salmon, cutthroat trout, and Dolly Varden increased in years
when large numbers of adult salmon returned compared to years
when low numbers of adult salmon returned. They also artificially fertilized coho/cutthroat/Dolly Varden streams by adding
0 (control), 1 or 4 dried pink salmon carcasses obtained from a
hatchery (i.e., respectively 0, 0.71 and 2.85 kg of pink salmon) per
square meter of habitat. Production and growth rate of coho, cutthroat, and Dolly Varden charr increased in direct proportion to
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the biomass of pink salmon carcasses added. Additionally, both
coho and cutthroat had a higher condition factor (i.e., they added
more weight per increment gain in length) and a higher lipid
content in streams that were enriched as compared to the control
stream. Juvenile coho salmon also had a different composition
of fatty acids (i.e., they had a significantly higher ratio of omega
3/omega 6 polyunsaturated fatted acids and 5–6 fold increase in
docahexanoic acid) in the enriched streams compared to the control stream (Heintz et al. 2004).
Benthic invertebrates known to accumulate marine carbon, nitrogen and phosphorus by decomposing salmon carcasses include
caddisfly (Trichoptera), stonefly (Plecoptera), three kinds of mayflies (Ephemeroptera: Baetidae, Heptageniidae, Leptophlebiidae),
midge larvae and pupae (Diptera: Chironomidae), aquatic earthworms (Oligochaetes) and dragonflies/damselflies (Odonata:
Zygoptera and Anisoptera) (Niccola 1966; Ellis 1970; Kline et al.
1990, 1997; Minshall et al. 1991; Shuldt and Hershey 1995; Bilby et
al. 1996; Wipfli et al. 1998; Chaloner et al. 2002b; Chaloner and
Wipfli 2002). Chironomids were observed burrowing into salmon
carcasses and were abundant within the salmon tissue after 30 days
(Wipfli et al. 1998). I have observed crayfish feeding on dead kokanee in Lake Roosevelt.
Bilby et al. (1996) noted that marine derived Carbon (C₁₃)
and nitrogen (N₁₅) were higher in invertebrate decomposers in
two streams that had runs of anadromous coho compared to two
streams in the same geographic area that were barren of salmon.
“Salmon derived organic matter was incorporated into the stream
biota through direct consumption of eggs, carcasses and fry and by
sorption onto the substrate of dissolved organic matter by decomposing carcasses,” which fueled periphyton growth. Bilby et al. (1996)
estimated that the percentage of marine derived carbon (C₁₃) and
nitrogen (N₁₅) were respectively 0.0% and 17.5% in periphyton, 29.2
and 24.8% in invertebrate grazers (e.g. mayflies), 15.6% and 32.6%
in invertebrate shredders (e.g., stoneflies, chironomids), 29.4% and
19.2% in invertebrate collectors (e.g., certain mayflies) and 27.5%
and 10.9% in invertebrate predators (e.g., dragonflies, damselflies
and certain stoneflies). Periphyton did not contain marine carbon
because they are primary producers that fix carbon from carbon
dioxide dissolved in water by the process of photosynthesis. Hence
it was not surprising that they contained no marine-derived carbon. They did, however, utilize marine derived nitrogen, in combination with photosynthetically produced carbon compounds, to
synthesize proteins and nucleic acids. The invertebrates were consumers that could not fix CO₂ and therefore had to obtain carbon
from previously manufactured biological macromolecules. These
organisms utilized substantial amounts of marine-derived carbon.
Bacteria and fungi form a biofilm that decomposes salmon carcasses (Minshall et al. 1991; Bilby et al. 1996; Wipfli et al. 1998). This
not only directly benefits the micro-organisms but also releases elemental nutrients into the water that can fertilize phytoplankton,
periphyton, and macrophytes growing in streams and lakes, and
even marine algae growing in estuaries or embayments of salmon
rivers (Fujiwara and Highsmith 1997).
Adfluvial populations of salmonids may also return nutrients
from lakes back into tributaries. Shuldt and Hershey (1995) compared nutrient levels [total phosphorus (TP), soluble reactive phosphorus (SRP), ammonia nitrogen (NH₄+), nitrate and nitrite nitrogen (NO₂+ NO₃)] and periphyton production [as indicated by the
amount of chlorophyll a (Chl a)] in two Lake Superior tributaries.
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The two tributaries were in geographic proximity but one had an
adfluvial run of 1,200 Chinook salmon (salmon stream) and the
other one didn’t (control stream). Each stream had a barrier fall,
so Shuldt and Hershey compared TP, SRP, NH₄ +, NO₂ + NO₃ and
Chl a concentrations above and below the falls in both the salmon
stream and control stream. In the control stream concentrations
(µg/L) of nutrients and chlorophyll were about the same above
and below the falls (TP = 10.0 above, 9.4 below; SRP = 5.1 above,
6.7 below; NH₄ + = 11.9 above, 12.3 below; NO₂ + NO₃ = 15.9 above,
16.9 below; Chl a = 36.9 above, 33.0 below). In contrast, there was a
marked difference above (salmon absent) and below (salmon present) the barrier fall in the salmon stream. Concentrations (µg/L)
were 2–3 times higher below the fall than above the fall (TP = 14.5
above, 27.5 below; SRP = 6.7 above, 21.3 below; NH₄+ = 18.8 above,
32.1 below; NO₂ + NO₃ = 79.8 above, 178.9 below; Chl a = 8.3 above,
13.3 below). Shuldt and Hershey (1995) concluded that these differences were owing to the decomposing salmon carcasses and
that the nutrients were incorporated into the flesh of filter feeding
caddisflies and mayflies. However, similar studies by Minshall et
al. (1991) and Rand et al. (1992) found that decomposing rainbow
trout in an Idaho tributary and decomposing coho and Chinook
salmon in a Lake Ontario tributary did not significantly increase
the phosphorus input to the receiving stream.
Decomposition of anadromous salmonid carcasses may also
increase the productivity of estuaries that spawning tributaries
empty into. For example, stable isotope analysis revealed that nitrogen incorporated into the marine algae Ulva (sea lettuce) that
grew attached to rocks in an embayment along the coast of Alaska
came from the decomposing carcasses of chum salmon spawning
a short distance up tributary streams (Fujiwara and Highsmith
1997). This fertilization may ultimately benefit the progeny of the
chum spawners because harpacticoid copepods eat mainly Ulva. In
turn, juvenile chum salmon, which spend little time in freshwater
and, instead, migrate to the estuary soon after emergence, are dependent upon the harpacticoids as a primary food source.
Phytoplankton productivity in sockeye salmon nursery lakes
is increased by elemental nitrogen and phosphorus generated by
decomposing salmon carcasses, and zooplankton consume those
phytoplankton (Juday et al. 1932; Donaldson 1967; Krokhin 1975;
Richey et al. 1975; Kline et al. 1993; Shuldt and Hershey 1995;
Fujiwara and Highsmith 1997; Cedarholm et al. 1999). Ultimately,
increased primary and secondary production benefits the offspring
of the salmon that died (Juday et al. 1932; Krogius and Krokhin
1956; Krokhin 1958, 1959, 1967, 1975; Krogius 1961; Paine 1964, 1966;
Donaldson 1967; Mathisen 1972; Stockner 1981, 1997; Mathisen et
al. 1988; Kline et al. 1993; Bilby et al. 1998, 2001).
Salmon carcasses benefit terrestrial plants and animals. Large
carnivores (e.g., grizzly bears) that kill live salmon or gather dead
salmon often transport their catch 5–200 meters into the forest
before consuming it (Shuman 1950; Sibatini 1966; Cedarholm et
al. 1989, 1999; Reimchen 1994; Piorkowski 1995; Bilby et al. 1996;
Ben-David et al. 1997a, 1997b, 1998; Willson et al. 1998). Nutrient
laden fluids that leached from the entrails of decomposing salmon
carcasses provided nutrients for terrestrial vegetation. Small mammal and bird scavengers eat any remaining portions of the carcass not consumed by the carnivore “until only the bones remain”
(Cedarholm et al. 1999). The animals then defecate in the forest
providing nice piles of fertilizing manure that can be utilized by
forest plants (Sibatini 1966; Ben-David et al. 1998; Cedarholm et al.

1999). Sibatini (1966) noted that, “the land near the rivers is well fertilized by ocean nutrients brought by [anadromous] salmon, which
causes the forest to thrive.” Piorkowski (1995) found that terrestrial
vegetation surrounding anadromous salmon spawning streams
in Alaska contained marine derived nutrients. The leaves of trees
and shrubs near spawning streams got about 25% of their nitrogen
from salmon. Trees near spawning streams grew faster than trees
far from spawning streams.
Tree growth rates were also linked to salmon carcasses (Drake et
al. 2002, 2005; Naiman et al. 2002; Bilby et al. 2003). Riparian forests
and salmonid production are linked by positive feedback (Drake et
al. 2005). Nutrients derived from salmon carcasses encourage vegetation growth in the riparian zone, which, in return, provide shade
cover, large woody debris, and bank stability to a stream.
Reimchen (1994) observed that the bodies of 3,611 chum salmon,
63% of a spawning run of 5,471 fish, were transported from a British
Columbia stream into the riparian zone and surrounding forest.
Ben-David et al. (1998), determined, as indicated by stable isotopes,
that terrestrial plants in watersheds that contained anadromous
salmonids and piscivorous predators contained nitrogen (N₁₅) of
marine origin whereas those in watersheds without salmon and/or
predators did not (Ben-David et al. 1998). In the salmon watersheds
the value of marine nitrogen in the plants decreased with increasing
distance from the stream (Ben-David et al. 1998). Marine nitrogen
was found in plants such as blueberries (Vaccinium ovalifolium) and
salmon berries (Rubus spectabilis), in forest floor mammals such
as deer mice and voles and in forest canopy mammals such as red
squirrel (Ben-David et al. 1998). The mammals (but not the plants)
also contained marine carbon (Ben-David et al. 1998).
Bilby et al. (1996) and Larkin and Slaney (1997) recognized that
decreased productivity in salmon ecosystems may be self perpetuating if the capacity of a watershed to produce future generations of
salmon is progressively diminished because fewer and fewer adults
return. Along with the loss of adult fish is the loss of nutrients
recycled from the ocean (or lake in the case of adfluvial stocks),
which creates a negative feedback loop that prevents future recovery because freshwaters are not sufficiently fertilized to increase
primary and secondary production, and, hence, survival of the juvenile offspring.
In support of this idea, Cedarholm et al. (1998) estimated that
before European settlement of the Columbia River Basin, when
anadromous salmon and steelhead runs totaled 9.6–16.3 million
adult fish at an average weight of 6.8 kg (NPPC 1986), harvest by the
region’s Indian tribes was about 18,960 metric tons and spawning
escapement back to home tributaries was about 45,150 metric tons.
In comparison, the 1997 run size totaled about 2 million adult fish,
most of which (about 1.5 million) were produced in hatcheries and
either caught in fisheries or returned to their hatchery of origin,
leaving only about 0.5 million fish, totaling 3,400 metric tons that
escaped to spawn naturally (Cedarholm et al. 1999), an astonishing
92% loss of the pre-settlement salmonid biomass (and corresponding loss of recycled marine nutrients) fueled the salmonid ecosystem of the Columbia Basin.
Gresh et al. (2000) used historical cannery records and current escapement and harvest information to estimate the historic
and current biomass of salmon returning to Pacific coast rivers,
from the Sacramento River, California to the Fraser River, British
Columbia. This included the Sacramento, Columbia and Fraser
Rivers, the coastal streams of northern California, Oregon and
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Washington and the streams entering Puget Sound. Their figures
indicated that current salmonid biomass produced (11.8–13.7 million kg) was only about 6–7% that of the historical biomass (160–
226 million kg). As this biomass contained 3.03% nitrogen and
0.35% phosphorus by wet weight (Larkin and Slaney 1997), present
nitrogen delivered into freshwater of the Pacific Northwest totaled
360–418 kg compared to an historical delivery of 4,853–6,854 kg.
Present phosphorus delivery totaled 43–49 kg compared to a historical delivery of 574–810 kg. Gresh et al. concluded,
“these numbers indicate that just 6–7% of the marinederived nitrogen and phosphorus once delivered to the
rivers of the Pacific Northwest is currently reaching these
streams. This nutrient deficit may be one indication of ecosystem failure that has contributed to the downward spiral
of salmonid abundance and diversity in general, further
diminishing the possibility of salmonid recovery to selfsustaining levels.”
See Schoonmaker et al. (2003) for additional discussion of this
issue.
Based on the results of this basic research that nutrient limitation may act as a major constraint in efforts to restore wild
salmon runs, efforts are currently underway to restore the positive
feedback between nutrients and number of out migrating smolts
(Koenigs and Burkett 1987; Johnston et al. 1990; Michael 1995, 1998;
Stockner and MacIsaac 1996; Ashley et al. 1997; Bilby et al. 1998;
Schmidt et al. 1998). Three strategies have been used: addition of
salmon carcasses, addition of salmon carcass analogs, and addition
of nitrogen and/or phosphorus fertilizers.
Addition of salmon carcasses to experimental sections of a stream
resulted in higher densities and better growth of juvenile salmonids
than found in reference (control) sections of the same stream that did
not receive carcasses (Bilby et al. 1998). In this experiment, Bilby et al.
added carcasses of spawned out anadromous coho salmon that had returned to a fish hatchery into each of two 500 meter sections of small
tributaries of a southwestern Washington River; one received 2,251 kg
of carcasses, the other 959 kg of carcasses (experimental sites). In addition two other nearby tributaries were examined to which no carcasses
were added (reference sites). Counts of spawners were made in each
tributary to account for natural carcasses. The total amount of carcass
tissue (natural and augmented) available was estimated at 0.56–0.71
kg/m² at the experimental sites, compared to 0.003–0.01 kg/m² at the
reference sites.
Stable isotope analysis of juvenile salmonids rearing in each
stream determined the percentage of marine derived nitrogen and
carbon in their flesh. This was done to confirm that the added carcass material actually found its way into the food web and contributed to the nutrition of juvenile salmonids living in the streams.
Bilby et al. (1998) found that marine derived nitrogen average was
38.4% compared to 16.2% respectively in the flesh of juvenile steelhead trout and 44.1% compared to 16.6% respectively in the flesh
of juvenile coho salmon in the experimental and control sections
respectively. Bilby et al. (1998) also determined that densities of
juvenile fish increased and condition factors (indicates if weight
being added is below average, average or above average per incremental gain in total length of the fish) of fish were better in the
experimental sections than in the control sections.
From 1999 to 2005, the Washington Department of Fish and
Wildlife in cooperation with the Yakama Indian Nation, United
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States Forest Service, and Americorps volunteers, added salmon
carcasses to three tributaries (American, Bumping, and Little
Naches rivers) of the Naches River (Yakima River Basin). The intent was to increase marine-derived nutrients in tributaries of the
Yakima Basin that have low salmon and steelhead returns in an attempt to bolster numbers of out migrants and increases adult run
size in future years. The project would also potentially improve
growth and increase survival of resident species such as bull trout.
Details of the project were described by Anderson (1999, 2000, 2001,
2002, 2003, 2004, 2005) and Cummins et al. (2001). Salmon carcasses used for this project were fall chinook that returned to Priest
Rapids Hatchery. After they were spawned, biopsy samples were
collected and sent to the Animal Disease Diagnostic Laboratory
at Washington State University (WSU) to test for the presence of
bacterial or viral diseases. The fish were stored in a freezer locker
at the hatchery until they were certified disease free by the WSU
lab. Transportation to the selected tributaries required six pickup
trucks, three one ton trucks, one 1.5 ton truck, and a 2.5 ton flatbed.
Carcasses were distributed along the length of the tributaries. In
1999, 1,200 fall chinook carcasses weighing an average (range) of 9.1
kg or 20 lbs (4.5–18.1 kg or 10–40 lbs)) were placed in the streams
(700 in the American River, 300 in the Bumping River). A summary of fish carcasses hauled from 1999–2003 is shown below.
1.

January 1999: 1,200 carcasses at 20 lbs each = 24,000
lbs (Anderson 1999).

2.

January 2000: 2,026 carcasses at 13.4 lbs each = 27,108
lbs (Anderson 2000; Cummins et al. 2001)

3.

December 2000: 2,008 carcasses at 15.4 lbs each =
30,942 lbs (Anderson 2001)

4.

December 2001: 2,054 carcasses at 9 lbs each = 18,486
lbs (Anderson 2002)

5.

November 2002: 2,242 carcasses at 10.6 lbs each =
23,962 lbs (Anderson 2003)

6.

November 2003: 3,012 carcasses at 10.7 lbs each =
32,228 lbs (Anderson 2004)

In 2005, some of the chinook biopsy samples tested positive for
Myxobolus cerebralis, the pathogen that causes whirling disease, so
distribution of carcasses was discontinued for that year.
The Washington Department of Fish and Wildlife is also experimenting with salmon carcass analogs in the Yakima Basin
(Pearsons et al. 2003c). Salmon carcass analogs are marshmallowsized pellets that are made from spawned out hatchery salmon carcasses (or possibly those of other marine fishes) that are ground
up and dried out. A chemical (liquid ethoxyquin) is added to
prevent lipid decomposition. The resulting fish meal is pasteurized and compressed into pellets that degrade at the same rate as
decomposing salmon flesh. The process has three advantages over
distributing spawned out salmon carcasses. First, the dried out carcass analogs weigh less and are more compact; so they are easier
to distribute than actual carcasses. Second, the pasteurization process apparently kills many common bacterial and viral pathogens
of salmon such as infectious hematopoietic necrosis (IHN), infectious pancreatic necrosis (IPN), and viral hemorrhagic septicemia
(VHS); so in comparison to actual carcasses, carcass analogs may
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reduce potential for transfer of these diseases into a population of
wild fish. Third, salmon carcass analogs resemble hatchery food
pellets and can be eaten directly by stream dwelling salmonids and,
thus, maximize energy transfer. Actual adult carcasses are usually
not consumed directly by juvenile or resident salmonids. Instead,
the energy contained in them passes up a food pyramid through
one or more trophic hurdles, with concomitant loss of energy to
heat and entropy at each trophic hurdle. Thus, while adding carcasses benefits more levels of the food pyramid, adding carcass
analogs may be a quicker fix to restoring the ecosystem’s production of juvenile salmon.
Experiments are currently being conducted by WDFW in four
tributaries of the Upper Yakima Basin to test the efficacy of the
carcass analogs (Pearson et al. 2003c). In each tributary an experimental (downstream) segment that received the carcass analogs
was paired with a control or reference (upstream) segment that did
not receive carcass analogs.
Preliminary results (Pearson et al. 2003c, 2007) indicated that:
1.

2.

Average periphyton biomass was higher in the four
experimental sections (0.63 mg/cm²) than in the four
control sections (0.40 mg/cm²) after addition of the
carcass analogs.

was significantly higher downstream (163.3 μg/L) as compared to
upstream (139.9 μg/L) from where SCA were placed in treatment
streams. Total nitrogen in control streams was about the same
in upstream (113.1 μg/L) and downstream (110.3 μg/L) sections.
Periphyton chlorophyll and biomass was greater (214% and 178%
respectively) in the experimental streams downstream (12.6 mg/m²
and 2.0 g/m² respectively) compared to upstream (4.0 mg/m² and
0.7 g/m² respectively) from where the SCAs were placed. In control
streams periphyton chlorophyll and biomass were respectively 1.5
mg/m² and 0.6 g/m² at upstream sections and 2.1 mg/m² and 0.4
g/m² at downstream sections. Macroinvertebrate density was significantly (158%) greater in downstream sections (1,172 organisms/
m²) versus upstream sections (454.2 organisms/m²) in treatment
streams. In control streams densities were 911 organisms/m² in upstream reaches and 829 organisms/m² in downstream reaches. Fish
stomach fullness and fish length and weight were also significantly
greater in the experimental streams as compared to the control
streams. Kohler et al. (2012) noted that fish stomach fullness and
growth were better because:

Average fish stomach fullness was higher in the
four experimental sections (20.5%) than in the four
control sections (7.25%) after addition of the carcass
analogs.

3.

Average density of salmonids was higher in the four
experimental sections (n = 70) than in the four control sections (n = 66) after addition of carcass analogs.

4.

Average nutrient concentrations did not increase in
experimental sections above pre-analog levels. There
were two potential explanations for this result. First
was the nutrients were rapidly assimilated by periphyton. Second it was noted in the report that rainbow/
steelhead trout, cutthroat trout, and spring Chinook
salmon “gorged themselves on analog materials”; so it
is conceivable that most of the analog pellets did not
have a chance to decompose into nutrients.

The authors inferred that these preliminary results supported use
of carcass analogs as a temporary measure to restore system productivity until adult salmon return in sufficient numbers to accomplish the job themselves.
A similar investigation was conducted on two tributaries of the
Wind River, tributary of the Columbia River in Skamania County,
Washington (Robinsen et al. 2006; Mesa et al. 2007). Periphyton
and benthic invertebrates production increased in segments of
Cedar Creek (by 2 fold) and Martha Creek (by 8 fold) that had
received carcass analogs in comparison to reference areas of both
streams that had not received carcass analogs. The growth rates of
juvenile salmonids in stream sections that received analogs were
greater than those that occupied reference sections.
Kohler et al. (2012) studied the effects of adding salmon carcass analogs (SCA) to 15 streams in the Columbia River Basin (2 in
the Wind River Sub-basin, WA; 3 in the Klickitat River Sub-basin,
WA; 6 in the Yakima River Sub-basin, WA; and 4 in the Snake
River Sub-basin, ID) over a five year period (2001-2006). Ten of
the streams received SCAs and 5 were controls. Total nitrogen

1.

SCA addition increased nutrient concentrations,
which increased periphyton, which increased benthic
macroinvertebrate densities at downstream sites in
the experimental streams. These organisms provided
food for fish (bottom up response).

2.

Direct consumption by fish of the SCA.

Lake fertilization (i.e. adding nitrogen and phosphorus fertilizers) has been used successfully to increase phytoplankton, zooplankton and benthic macroinvertebrate production, and increase yields of
salmon or trout in oligotrophic lakes in Alaska and British Columbia
(Stockner et al. 2000; Hyatt et al. 2004). For example, in Kootenay
Lake, British Columbia, kokanee salmon stocks declined after Libby
Dam, constructed upstream of Kootenay Lake, trapped nutrients in
the sediments of its reservoir (Lake Koocanusa) that had formerly
flowed down the Kootenai River into Kootenay Lake. Fewer nutrients flushing down the Kootenai River to Kootenay Lake resulted in
declines of phytoplankton, zooplankton and kokanee salmon in the
lake (Ashley et al. 1997). Although Kootenay Lake was a naturally
oligotrophic lake, it was made more so by human actions (i.e., construction of Libby Dam). Hence, Kootenay Lake can be considered
to be ‘culturally oligotrophic.’ Subsequently, 47.1 tons of phosphorus and 206.7 tons of nitrogen were used to fertilize the North Arm
commencing in 1992 (Ashley and Thompson 1993; Ashley et al. 1997;
Ashley et al. 1999a, 1999b; Thompson 1999). This action increased
phytoplankton, zooplankton and kokanee abundance in Kootenay
Lake (Ashley et al. 1997). Prior to nutrient enrichment kokanee
abundance had declined from about 35 million kokanee (pre- Libby
Dam) to a low in 1991 and 1992 of about 7 million kokanee. Spawning
escapement of kokanee into Meadow Creek and the Lardeau River
totaled about 2 million adult kokanee (pre–Libby Dam). Spawning
escapement had declined to about 270,000 for adult kokanee in 1991
and 1992. After 8 years of fertilization, in 1999, kokanee abundance
had increased to 35 million and spawning escapement into Meadow
Creek and the Lardeau River totaled 2 million adult kokanee in some
years (Wright et al. 2002a, 2002b, 2002c; Schindler et al. 2006).
Experimental fertilization of nursery lakes of sockeye/kokanee
salmon in British Columbia has increased the number of seaward
migrants in the case of anadromous fish or increased kokanee
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abundance (Stockner 1987, 2003; Stockner and MacIsaac 1996;
Ashley et al. 1997; Stockner et al. 2000). Preliminary fertilization
experiments have also been conducted in Arrow Lake Reservoir
in an attempt to restore kokanee populations (Pieters et al. 2003).
Historically, escapement goals for anadromous salmonids have
been established primarily for the purpose of maintaining the harvestable surplus of fish, with little regard for the ecological role
that salmon played in the ecosystem (Michael 1998; Schmidt et al.
1998). Many of the fish that humans consider harvestable surplus
likely played an important role either directly as an energy source,
or indirectly, by fertilizing (and increasing the productivity of)
salmonid watersheds, prior to arrival of Euro-Americans in the
Pacific Northwest.
Michael (1998) estimated the biomass of anadromous salmon
carcasses necessary to support salmonid production, nesting song
birds and wintering bald eagles in the Skagit River, Washington.
He determined that current escapement goals for coho (n = 30,000
) and pink salmon (n = 330,000) are designed to provide maximum
harvestable surplus for human commercial and sport harvest while
assuring that a sufficient number of spawning adults would escape
the fisheries to spawn and reproduce a similar sized population
in the next generation. The escapement goal would need to be increased to about 74,000 coho and 500,000 pink salmon to support
both commercial and sport fisheries and bald eagles. As a practical matter, increasing the escapement goals to these levels would
decrease the number of fish that would be available to commercial
fisherman and sport anglers.
Habitat is critical for watersheds to obtain the maximum nutrient benefit from decomposing salmon carcasses. For example,
the presence of large woody debris helps to retain and spread out
salmon carcasses over a large distance rather than have them accumulate all in one spot (Cedarholm and Peterson 1985; Cedarholm
et al. 1989; Bisson and Bilby 1998).
Assuming that a unique organic odor bouquet or population
specific pheromones are important guiding mechanisms for homing salmon, reductions in the numbers of carcasses potentially alters
the odor characteristics of the stream, therefore reducing its attractiveness to future generations of homing salmon. Population specific
pheromones contributed to the organic bouquet that identifies home
stream may be necessary to preserve native runs. Stray rates would
be expected to increase in streams that are depleted of carcasses.

Estimates of predevelopment and current run sizes:
Columbia River salmon and steelhead
The Columbia River was once one of the most productive basins
in the world for producing anadromous Pacific salmon and steelhead trout. Pre-development (i.e., pre 1850) run sizes of salmon and
steelhead trout were estimated as ranging from 7.5 million to 16.3
million total fish annually (PMFC 1979; Scholz et al. 1985; Chapman
1986; NPPC 1986; Gresh et al. 2000). The runs were composed of
about 200 discrete stocks (Nelsen et al. 1991; Huntington et al. 1996).
NPPC (1986) estimated that the five year average annual run size into
the Columbia Basin between 1977 and 1981 totaled 2,504,300 fish
or about 21% of the midpoint in the range of pre-development run
size (11.9 million fish). At present, only nine Columbia River salmon
stocks are considered healthy and the size of salmon and steelhead
(catch and escapement) run into the Columbia Basin was estimated
to range from 650,904 to 3,086,501 total for all species during the
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ten year interval from 1995 to 2004, inclusive (ODFW and WDFW
2008a, 2008b). The ten year average was 1,610,998 total fish (ODFW
and WDFW 2008a, 2008b), about 13.5% of the midpoint of the range
in pre-development run size.
The Pacific Fishery Management Council (PFMC 1979) estimated historic (pre-development) run sizes based on the amount
of spawning and rearing habitat historically available for each species in the Columbia Basin. They estimated that the Columbia
Basin produced about 950,000 adult chum salmon, 1,201,000 adult
coho salmon, 2,042,000 adult steelhead trout, 650,000 adult sockeye salmon, 3,440,000 adult Chinook salmon, for a combined total
production of 8,283,000 adult salmon and steelhead annually.
Another approach for estimating historical run size has been to use
the stock/recruitment function (Chapman 1986, NPPC 1986). During
the early years of the commercial fishery, peak catches of each species
of salmonid totaled 8.2 million (NPPC 1986) and the average of the
maximum 5 consecutive year catch for each species totaled 6.3 million (Chapman 1986) salmon and steelhead. Since some fish escaped
harvest to reproduce, the total run size could be estimated by using
these known harvest values and making some assumptions about the
levels of escapement.
Chapman (1986) based his estimates on an average 5 consecutive years maximum catch of 359,000 chum, 476,000 coho, 382,000
steelhead, 1,915,000 sockeye, 400,000 spring Chinook, 1,700,000
summer Chinook, and 1,100,000 fall Chinook. To these numbers he
applied escapement values of 20–52% for chum, 15–23% for coho, 15–
31% for steelhead, 15–27% for sockeye, 20–32% for spring Chinook,
15–32% for summer Chinook, and 88% for fall Chinook. This produced estimates that ranged from 449,000–748,000 for chum
salmon, 560,000–618,000 for coho salmon, 449,000–554,000 for
steelhead trout, 2,253,000–2,623,000 for sockeye salmon, 500,000–
583,000 for spring Chinook salmon, 2,000,000–2,500,000 summer
Chinook salmon, and 1,250,000 fall Chinook salmon, for a combined total of 7,461,000–8,881,000 salmon and steelhead.
The Northwest Power Planning Council (NPPC 1986) based their
estimate on the single year peak catch of each species (697,000 for
chum, 890,000 for coho, 674,000 for steelhead, 1,300,000 for sockeye, 1,150,000 for spring Chinook, 2,300,000 for summer Chinook,
and 1,150,000 for fall Chinook). To these numbers they applied escapement values of 15–50% (based on maximum sustained yield)
for each species. This produced run size estimates that ranged from
820,000–1,394,000 for chum salmon, 1,047,000–1,780,000 for coho
salmon, 793,000–1,348,000 for steelhead trout, 1,529,000–2,600,000
for sockeye salmon, 1,353,000–2,300,000 for fall Chinook salmon, for
a combined total of 9,601,000–16,322,000 salmon and steelhead.
In my opinion, Chapman’s estimate was the best reasoned and supported estimate of the predevelopment run size. However, considering
that his catch based approach accounted for only the lower river commercial catch, and did not include any Indian subsistence/ceremonial
catch, upper river non-Indian commercial/subsistence catch, and
sport catch, his figures probably represented a conservative estimate
of the run size. Hence, I believe that the best estimate of predevelopment run size is about 9–12 million salmon and steelhead.
During the 10 year interval (1995–2004), the run size of each species into the Columbia Basin averaged (ranged) 4,329 (922–11,493)
chum salmon, 404,880 (74,900–1,108,500) coho salmon, 372,710
(216,400–710,300) steelhead trout, 55,323 (9,667–130,045) sockeye
salmon, 263,741 (62,900–538,604) spring Chinook salmon, 40,139
(12,333–92,820) summer Chinook salmon, and 469,360 (242,800–
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893,100) fall Chinook salmon for a combined total (annual range) of
1,610,482 (619,922–3,483,812) salmon and steelhead (ODFW & WDFW
2008a, 2008b). These numbers are slightly different than the 10 year
averages presented in the first paragraph of this section because the
run size of each species did not peak in the same year.
Chapman (1986) and NPPC (1986) estimated that prior to development 99% of all chum salmon, 52% of all coho salmon, 18%
of all steelhead, < 1% of all coho salmon, 17% of all spring Chinook,
0% of all summer Chinook, and 47% of all fall Chinook, were produced below Bonneville Dam. The reciprocals of these numbers,
i.e., chum (1%), coho (48%), steelhead (82%), sockeye (99%), spring
Chinook (83%), summer Chinook (100%), and fall Chinook (53%),
spawned above Bonneville dam. Applying these percentages to the
predevelopment minimum run size (Chapman 1986) and maximum
run size estimate (NPPC 1986) for each species that migrated above
Bonneville Dam before 1850 yielded estimates of 4490–13,940 chum
salmon, 268,800–427,200 coho salmon, 368,180–1,105,360 steelhead
trout, 2,230,470–2,574,000 sockeye salmon, 415,000–1,909,000 spring
Chinook salmon, 2,000,000–4,600,000 summer Chinook salmon,
and 662,500–1,219,000 fall Chinook salmon, for a total of 5,949,440–
11,848,504 salmon and steelhead.
During the 10 year interval (1995–2004), a range of 411,099 to
2,025,673 adult salmon and steelhead were counted annually passing through the fish ladders at Bonneville Dam. The 10 year average count at Bonneville was 1,047,379 total fish. Based on using
Chapman’s estimates and the 10 year average count (1995–2004) at
Bonneville Dam, the 1995–2004 average run size above Bonneville
Dam is about 18% that of the predevelopment run size. Based on
using NPPC’s estimates and the 10 year average count (1995–2004)
at Bonneville Dam, the 1995–2004 average run above Bonneville
Dam was about 9% that of the predevelopment run size.

Factors causing declines in Columbia River salmon
Several factors combined to cause the declines in salmon and steelhead runs in the upper Columbia Basin, above Bonneville Dam.
These include:
•

The commercial fishery;

•

The construction and operation of hydroelectric
dams;

•

Loss of spawning and rearing habitat caused by
development, resource extraction and land use practices (i.e., agriculture, grazing, logging, mining, and
municipal and industrial pollution);

•

Ocean conditions, especially as related to El Niño
Southern Oscillation (ENSO) and the Pacific Decadel
Oscillation (PDO), which influences the productivity
of the ocean off the west coast of North America; and

•

Introductions of exotic predators (e.g., walleye, smallmouth bass, channel catfish) and competitors (e.g.,
American shad).

Each of these factors is discussed in detail in the following
sections.

Commercial fishing

The commercial fishing industry in the Columbia River commenced
in 1861, but it was not until 1866, when the first commercial cannery
began operations, that largescale harvest commenced (Craig and
Hacker 1940). Commercial fishermen employed a variety of methods
to catch the salmon. By far, most were captured in gill nets. The large
mesh size used (8.0–8.5 in.) targeted larger Chinook salmon, allowing
smaller sized fish to pass through. By 1904, each year about 875 mi of
gill net set by 2,569 boats, festooned the lower Columbia River, downstream from Celilo Falls.
Beach seines up to 2,400 ft long by 42 ft deep, with a bag of about
300 ft in the center of the net, were deployed from a skiff to encircle a
school of salmon. The seines were pulled to shore by teams of horses
(Figure 14.18a, b, c). A crew of about 12–24 men were needed to operate one net. During the fishing season seining was “carried on with
little interruption, hauls being made in quick succession all through the
day” (Evermann and Meek 1897).
Additional salmon were harvested in traps or pond nets
(Figure 14.18d). This type of gear had a ‘lead’ attached to shore that
the fish followed offshore through a series of funnels into the trap.
In 1885, 1886 and 1934, the number of traps was 105, 154, and 228
respectively (Craig and Hacker 1940).
Fish wheels were constructed like a Ferris wheel, except the seats
were replaced by steel mesh buckets to scoop fish out of the river
(Figure 14.18e, f). Fish wheels were positioned in chutes in the river
where there was sufficient current to drive the scoops. They collected
salmon that were attempting to swim upstream through the chute by
lifting them into the air. At the top of the lift the fish were shunted
into a hopper. The first fish wheel was operated in 1879 and by 1899,
76 were operated. A single wheel that operated over 39 consecutive
years (1807–1926) reported that its catch averaged (ranged) 146,000
(21,000–418,000) lbs of salmon per year. Its one-day record catch
(70,000 lbs) was on May 10, 1913.
Dipnetting was the fifth method used to catch salmon in the
Columbia (Figure 14.19a, b, c). A breastwork of scaffolds were built
over Celilo falls. Indians stood on these wooden platforms and
scooped up the salmon using a long-handled dipnets or speared them
as they attempted to jump the falls.
From 1927–1934, Craig and Hacker (1940) estimated that about
60% of all the salmon and steelhead harvested in the Columbia
River were taken by gill nets, 21% in trap nets or pond nets, 15% by
seine nets, 2% by fish wheels, and 2% by dipnetting. As the States
of Oregon and Washington enacted increasingly stringent regulations in inland reaches of the Columbia to protect the dwindling
supply of salmon, the response of commercial fishermen was to
move first into the estuary and eventually into the ocean where
there were fewer regulations.
Two additional methods were employed to catch salmon in the
Columbia River estuary and off the mouth of the Columbia River:
trolling and purse seining. Trolling was an effective method for taking Chinook and coho salmon (Netboy 1980). Trolling commenced
in 1912. By 1919, at least 1,000 commercial trollers were fishing in the
estuary and in the ocean outside the mouth of the Columbia River.
Purse seines had a float line on the surface and a lead line that
sinks. The lead line contained rings through which the purse line
was drawn. The seine net, which was about 1,800 ft long × 60 ft
deep, was rolled up on the aft deck of the purse seine boat. When
a school of salmon was sighted, the seine boat would hand off one
end of the net to a small tugboat equipped with a powerful diesel
engine. The two boats would set the net so as to encircle the fish
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Figure 14.18

Scenes of commercial fishing along the Columbia River. A–C) Bag seining using a skiff to set nets and horses to pull them;
E) Salmon trap; D, E) Fish wheels. Photographs courtesy of the UW Library, Digital Images Collection.

and the power tug would hand the end of the net back to the purse
seine boat. The seine boat then pulled in the purse line first. This
“pursed” the net, i.e., closed off the bottom, so that the fish could
not sound under the net. The net was then pulled back onto the
boat. Fish were removed by means of a brailer, a large net that was
set up on the boom and operated using a block and tackle (a system of pulleys and ropes). The brailer was lowered into the pocket
of the seine net to extract any salmon trapped there. About 5 purse
seine boats operated in the Columbia River estuary from 1905 to
1911 and from 1917 to 1921 off the mouth of the Columbia River.
The purse seine fleet caught an average of 7,171 pink, 275 chum,
9,683 coho, 1,475 steelhead, 2,164 sockeye, and 37,393 Chinook
salmon, for a combined total of 58,165 total salmon and steelhead
annually, between 1917 and 1921. Thus, purse seiners contributed
in a minor way to the overall harvest of Columbia River salmon
and steelhead.
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The catch peaked at about 43 million pounds in 1883 and 1895,
49.5 million pounds in 1911, and 45 million pounds in 1919. For
comparison, during the ten year interval 1993 to 2002 the catch averaged (ranged) approximately 2 million (898,500 to 4.75 million)
pounds. Commercial fishermen aggressively pursued Chinook
salmon first, no doubt because of their large size. For the first 23
years of the fishery (1866–1888), Chinook was the only species
harvested (Craig and Hacker 1940). The first large harvest was
composed entirely of Chinook salmon. Only after Chinook stocks
began to fail did commercial fishermen pursue the smaller, less desirable species.
The commercial fishermen initially targeted the upriver stocks
of big summer Chinook salmon first. Gilbert and Evermann (1894)
noted that by 1892 and 1893 the numbers of summer Chinook that
were harvested in Indian fisheries at Kettle Falls on the Columbia
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Figure 14.19
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Scenes of Indian fishery at Celilo Falls. A)
Close-up of Chinook salmon harvested in a dip
net; B) Boxcars operated by pulley system that ferried fisherman to islands; C) Fishing platforms.
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River and in the Spokane and Pend Oreille rivers had declined to a
fraction of their former levels.
Gilbert and Evermann (1895) placed the blame for this decline
squarely on overharvest by commercial fishermen fishing downstream from Celilo Falls:
“Salmon formerly spawned in great numbers just below Kettle Falls… Up to 1878 salmon were very abundant
in this part of Columbia, ‘millions were seen ascending the
falls every season.’ … It is … certain that the decrease in
the numbers of salmon [is] due to ill regulated fishing in
the lower Columbia.”
Gilbert and Evermann (1895) further pointed out that steelhead, a species that was not initially targeted by commercial
fishermen, was still relatively abundant in the Spokane and Pend
Oreille Rivers in 1892 and 1893. This indicated that the decline
in Chinook was related to overharvest by commercial fishermen
and not some other factor such as altered habitat, which presumably should effect Chinook and steelhead equally.
These data implied that the commercial fishery decimated the
upriver runs of Chinook salmon. Marshall McDonald (1894), the
United States Fish Commissioner, stated in his annual report to the
United States Congress:
“There is no reason to doubt—indeed the fact is beyond
question—that the number of salmon now reaching the
headwaters of streams in the Columbia Basin is insignificant in comparison to the number which some years ago
annually visited and spawned in these waters. It is further
apparent that this decrease is not to be attributed to either
the contraction of the area accessible to them or to changed
conditions in the waters which would deter the salmon
from entering them. I must look to the great commercial
fisheries prosecuted in the lower river for an explanation
of this decrease, which portends inevitable disaster to these
fisheries if permitted to continue.”
The reason why the downriver commercial fishery drove many
upriver stocks to the brink of extinction was that it was a mixed
stock, interception fishery. Commercial fishermen probably harvested at least 67% to 98% of each run in the early years of the
fishery, which allowed only 2–33% of each run to escape and reproduce. Escapement levels were frequently lower than this. In 1938,
1941, and 1944, approximately 93%, 99%, and 97% of the summer
Chinook run was harvested (Mullan 1984). Escapement to spawn
was only 7, 1, and 3% in those years. In 1934, about 98% of the sockeye run was harvested, leaving only 2% to reproduce (Mullan 1986).
About 82% of the summer steelhead run was harvested in 1941,
leaving just 18% to reproduce (Chaney and Perry 1976). At such
low levels of escapement it was easy to overharvest weak stocks
since they were mixed in with strong stocks and the fishermen had
no way to distinguish between them. This occurred because the
fishermen were intercepting the fish in the lower reaches of the
Columbia River rather than harvesting them as individual stocks
ascending tributaries of the Columbia and Snake rivers.
The overharvest of upper river fish by the lower river commercial fishery also undoubtedly caused a tremendous loss in the
genetic variability of upriver stocks. Maintaining genetic variation in a spawning population is important because it gives the
fish an edge to survive environmental change and, thus, to adapt
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and evolve to new environmental conditions. High levels of harvest caused genes (alleles) to be lost from locally adapted populations (stocks), which further weakened their ability to survive. For
example, I suspect that genes that regulated growth to large size
may have been gradually weeded out of the population by the continuous harvest of large individuals. Since salmon stopped feeding
when they entered the Columbia River, large size was associated
with fish that migrated the longest distances upriver. The large size
supplied the fish with sufficient energy stores to migrate long distances upstream and to make gametes. Smaller sized fish would
have to expend approximately the same amount of energy to migrate upstream, so they would make fewer gametes. Thus, a shift to
smaller sizes of fish would produce fewer gametes with which to
replace the population.
To provide an idea of the magnitude of declines in upriver salmon
and steelhead caused by the development of the fishery in the lower
Columbia River, the following figures relate to the Indian fishery at
Kettle Falls, WA where the Indians captured fish in baskets suspended
over the Falls. Some of the fish, while attempting to jump the falls, fell
back into the baskets (Figure 14.20).
Before the commercial fishery operations began, the Kettle
Falls fishery harvested enormous numbers of summer Chinook
salmon. In 1826, Hudson Bay Company employee John Work estimated that about 1,000 were caught daily in the baskets (Elliot
1915). Father Pierre DeSmet visited Kettle Falls for 13 days in July
and August 1845 and reported that 1,750 to 2,000 salmon were
caught daily in the baskets. Commander Charles Wilkes (1845) recorded that in 1843 about 900 fish were caught daily in the baskets.
Canadian Artist Paul Kane visited Kettle Falls in 1848 and reported
that the fish chief told him that he had caught as many as 1,700
salmon in one day, weighing on average 30 lbs each, in his basket
trap, but that the average was about 400 fish (Kane 1968). Kane
also reported that “salmon were taken with spears and dip nets. An
ordinary spearsmen will easily take 200 in a day.”
Jacob Meyers (1912 cited by Chance 1973) claimed that in 1869
the main basket yielded about 1,000 to 1,500 fish daily. Angus
McDonald, who was in charge of the Hudson Bay Trading Post at
Fort Colville from 1852 to 1872, stated that “salmon as heavy as 100
lbs” were caught at Kettle Falls and that “one basket has caught a
thousand salmon in one day” (Howey et al. 1907).
Gilbert and Evermann (1895) reported that the run at Kettle Falls
began in June and continued until October, with large numbers of
fish caught from about the end of June until late August. Applying the
average numbers of salmon from the above estimates (1,071) to the
60 day peak yielded an estimate of 64,620 fish harvested annually in
the Indian fishery at Kettle Falls. This is a conservative estimate because it does not account for either fish harvested in September and
October, or for fish harvested by spear and dipnet during the peak
periods (June to August). The Indian population estimated at the
peak of the run was about 1,000 people, suggesting that a considerable number must have been spearing or dipnetting fish. Given these
considerations it would not surprise me if about double the number
of salmon and steelhead (i.e. 129,240) were harvested at Kettle Falls
annually. Salmon runs at Kettle Falls began to decline by about 1878
until there were hardly any by 1882 (Gilbert and Evermann 1894).
From 1929–1931, before any of the mainstem hydroelectric
dams were constructed on the Columbia River, the WDFW sent an
employee to Kettle Falls to count the number of fish harvested by
the Indians. The catch was estimated at 1,353 in 1929, 1,000 in 1930,
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Figure 14.20 Indian fishery at Kettle Falls. A) Kettle Falls showing basket traps used to catch salmon. Painting by
Paul Kane, 1848. Image courtesy of Stark Museum
of Texas, Image No. 31.78.216; B) Chinook salmon
captured at Kettle Falls, circa 1936; C) Spearing
salmon at Kettle Falls. Photographs courtesy of
Kettle Falls Historical Society and UW Library,
Digital Images Collection.
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and 1,500 in 1931, for an average of 1,284 caught during the three
year period (Lemery 1938). An idea about the loss of fish due to the
commercial fishery could be obtained by subtracting 1,284 from
64,620 or 129,240. This suggests that the commercial fishery was
responsible for 96 to 98% of the losses of the fish at Kettle Falls. In
1932 Rock Island Dam was completed and the catch at Kettle Falls
declined further to 400 in 1932, 263 in 1933, and 134 in 1934, for an
annual average of 267 fish during the three year period (Lemery
1938).
Comparison of the annual average counts for 3 years before
(n = 1,284) and 3 years after (n = 267) the construction of Rock Island
Dam provides an idea how dam construction superimposed additional
(79%) losses above and beyond losses attributable to the commercial
fishery. Lemery (1938) stated “[These] facts show that the fishways at
[Rock Island Dam] were not working efficiently [and] that the first dam
[Rock Island] presented a significant obstacle to fish runs in the upper
river.”
A spawning survey was made at Kettle Falls in October 1938
(Chapman 1943). Five separate spawning areas were discovered
in a two mile reach below the falls and an estimated 800 to 1,000
Chinook salmon were observed spawning there (Chapman 1943).
Several additional gravel bars some distance below Kettle Falls also
harbored spawning Chinook.
The states of Oregon and Washington did little to curb exploitation of salmon and steelhead in the early years of the fishery. The
legislatures in both states moved at a glacial pace to regulate gill
nets, traps, seines, and fish wheels. Moreover, the legislatures failed
to provide sufficient appropriations to hire fish wardens to enforce
their laws.
Thus, throughout the early period, from 1861 to 1900, neither
Oregon nor Washington enacted any laws with teeth that actually
protected salmon from harvest. Examples of such laws would have
been prohibition of certain gear types, or limiting entry of specific
gear types into the fishery, or establishment of closed seasons to
allow escapement and sticking with those seasons. Although, both
states initially enacted a weekly closure, then seasonal closed periods, both states were lax in enforcing the meager regulations they
established. This was made clear in an article in The Oregonian, a
Portland newspaper, on 1 January 1882. “The purpose of the laws restricting fishing was to give part of the run each year a chance to reach
the spawning grounds up the river and deposit their eggs … these laws
if enforced to the letter would amply protect the fish but … all along
the river this law was openly violated during the season just closed.”
In 1917, both Oregon and Washington prohibited purse seine
fishing. In 1927 Oregon banned fish wheels. In 1935, Washington
prohibited fish wheels, fish traps, and bag seines. In 1949, Oregon
banned fish traps and bag seines.
Even as late as 1938 regulations were ineffectual at stemming
harvest of declining stocks. Willis H. Rich (1942), director of research for the Oregon Fish Commission, stated:
“Such regulations and restrictions as have been imposed upon the Columbia River salmon fisheries apparently [had] very little effect insofar as they act[ed] to
reduce the intensity of fishing and provide a greater escapement… on the whole it would appear the Chinook
salmon runs… are subjected to an exceedingly intense
fishery without any effective protection whatsoever, except
such has been afforded by the elimination of certain forms
of gear…”
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Since the early 1940s, the states became more serious about
regulating the fishery. For example, the commercial fishing season
in the Columbia River lasted 270 days in 1938. Gradually, the runs
of various species were protected from commercial harvest. The
summer Chinook fishery was closed in 1973 and remained closed
until 2000. In 1975, commercial steelhead fishing by non-Indian
fishermen was effectively abolished by a law that prevented their
commercial sale. The spring Chinook fishery was closed in 1977
(for non-Indian commercial fisherman) and 1978 (for Indian fisherman) and remained closed until 2000. The sockeye fishery was
closed in 1989 (and remained closed until 2000).
The states of California, Oregon, and Washington established
an interstate compact, the Pacific Marine Fisheries Commission,
to better regulate the commercial troll fishery in 1947. By the mid1970s it was clear that most of the Columbia River Chinook and
coho were being harvested in the ocean before reaching the mouth
of the Columbia River. From 1971 to 1983, the catch of Chinook
salmon averaged (ranged) 187,000 (55,000 to 324,000) in the
Columbia River and 363,000 (125,000 to 457,000) in the ocean
troll fishery off the coasts of Oregon and Washington. During the
same period, the catch of coho salmon averaged (ranged) 123,800
(7,000 to 209,000) in the Columbia River and 1,257,600 (341,000
to 3,174,000) in the ocean troll fishery off the coasts of Oregon and
Washington (NPPC 1986).
The Columbia River salmon and steelhead runs can be divided
into two components: harvest and escapement. Harvest is subdivided into zones 1–5 (below Bonneville Dam) and zone 6 (between
Bonneville and McNary dams). Harvest in zones 1–5 is by non-Indian commercial fishermen and sport fishermen. Commercial fishermen in zones 1–5 can harvest salmon, but not steelhead. Sale of
steelhead by commercial fishermen has been prohibited since 1975.
Sport fishermen can harvest both salmon and steelhead. Commercial
harvest in zone 6 is reserved for Indian commercial, ceremonial, and
subsistence fishermen. Sport harvest by non-Indian sport fisherman also occurs in zone 6. Additional sport harvest occurs in the
Columbia and Snake mainstems and in most major tributaries below Chief Joseph (on the Columbia River) and Hells Canyon (on the
Snake River) dams. Escapement refers to the number of fish that escape these various fisheries to complete their life cycle by spawning
naturally or returning to hatcheries. In general, the total run size is
equal to the harvest plus escapement. According to their treaties, the
Indians are entitled to one-half the harvestable surplus. The states
of Washington and Oregon allocate the number of fish that can by
caught by non-Indian commercial fisherman and sport fisherman.
In 1966, the season on summer Chinook was closed in zones
1–6. When Indians complained that not enough salmon and
steelhead were reaching their fishery, in 1968, they sued the state
of Oregon to allow greater escapement into their treaty reserved
tribal areas. This case became known as the U.S. -v- Oregon. After
20 years of wrangling, the U.S. District Court found in favor of
the plaintiff treaty Indians tribes (Yakama, Nez Perce, Umatilla,
and Warm Springs) in 1988 and directed the United States
Government and the states of Washington and Oregon to work
with the tribes to develop a Columbia River Fish Management
Plan to guide the harvest and escapement levels of salmon and
steelhead. Essentially, the parties make a forecast of the total run
size and agree to a certain level of escapement for each run. The
harvestable surplus is then divided among Indian commercial,
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•

Snake River sockeye salmon (listed as endangered 20
December 1991).

•

Snake River spring/summer and fall Chinook salmon
(listed as threatened species 22 April 1992).

•

Upper Columbia River steelhead (listed as endangered 17 October 1997).

•

Snake River steelhead (listed as threatened 17 October
1997).

•

Upper Columbia spring Chinook (listed as endangered 24 May 1999).

•

Middle Columbia steelhead (listed as threatened 24
May 1999).

•

Columbia River coho (listed as threatened 26 August
2005).
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Figure 14.21

Each of the listed stocks has an associated recovery plan and
biological opinion (or Biop) about measures that must be accomplished to preserve them.
Ocean conditions improved for survival of Columbia River
salmon so by 2000, runs that had been closed improved sufficiently to allow some harvest. In 2000, the treaty Indian commercial spring Chinook fishery was reopened after 22 consecutive
years of closure. The non-Indian commercial sockeye fishery was
reopened after 11 consecutive years of closure. In 2001, the largest
upriver spring Chinook return since 1938 occurred (416,500 fish).
The non-Indian commercial fisheries in zone 1–5 and sport fisheries reopened (for hatchery fish only) after 23 consecutive years of
closure. In 2002, the summer Chinook sport fishery reopened for
hatchery fish for the first time since 1973. The treaty Indian summer Chinook commercial gill net fishery reopened after 36 consecutive years of closure.
Many runs of salmon contain more than enough adult fish
to replace the population because one female produces several
thousand eggs. In years when a large number of adult fish escape
the fishery, a large number of eggs will be produced and a large
number of juveniles will hatch. These juveniles compete for lim-
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subsistence, and ceremonial fishers on the one hand and nonIndian commercial and sport fishermen on the other.
It was not until after the Indians sued that real progress was
made in protecting the salmon. In 1977, the U.S. District Court approved an interim 5-year management and allocation agreement
between the states and the tribes. In that year the four treaty Indian
Tribes (Yakama, Nez Perce, Umatilla and Warm Springs) established the Columbia River Inter-tribal Fish Commission. To afford
better protection for weak stocks of Chinook salmon, the parties
agreed to close the zone 1–5 and zone 6 spring commercial salmon
season. This was the last year that a spring Chinook commercial
salmon season was allowed until 2000 and 2001. In 1988, zones 1–5
and zone 6 were closed to commercial sockeye fishing.
Additional progress was made in protecting salmon from overharvest when the National Marine Fisheries Service and United
States Fish and Wildlife Service listed several Columbia Basin
stocks as endangered or threatened under the Endangered Species
Act of 1973. Listed stocks were either closed to commercial fishing or subjected to stringent harvest regulations that would allow
sufficient escapement to rebuild weak stocks. Listed stocks above
Bonneville Dam included:
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Stock/recruitment function. The 45° line represents
the equilibrium level, i.e., the level of the stock
required to replace itself. The area below this line
represents the escapement required to generate the
level of recruitment indicated by the arc line. The
shaded portion between the equilibrium level and
recruitment line indicates the number of fish that
can be harvested without causing depletion of the
run in subsequent years (i.e., harvestable surplus).
Integrating the area between the two lines to find
the greatest difference indicates the maximum
harvested yield to fishermen. The stock level at this
location of the curve is the size of the stock, i.e.,
level of spawning escapement, required to produce
the maximum sustainable yield to the fishery. The
point of maximum recruitment is the maximum
population level at the production potential of the
habitat (i.e., the carrying capacity). To the right of
this point recruitment actually declines at larger
stock sizes because of density dependent compensatory mortality. The population level at maximum
sustained harvest is lower than the point of maximum recruitment.

ited resources which results in high levels of mortality whenever
the number of juveniles produced exceeds the carrying capacity of
the environment. In years when a small number of adults escape
the fishery, fewer eggs will be produced and a smaller number of
juveniles will hatch. The competition for the same limited resource
base amongst the juveniles will be less intense because the number
of juveniles is closer to or below the carrying capacity of the environment, which results in lower levels of mortality. This mechanism is called density dependent compensatory mortality and its
significance is that, provided the adult spawning population does
not fall below the minimum size to produce enough eggs to fully
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seed the habitat to its carrying capacity, the number of smolts emigrating down the Columbia River is about the same when a large
number or when a small number of adults escape to spawn.
Thus, most salmon runs have a harvestable surplus of fish that
can be caught by commercial, sport, or Indian fishermen. The trick
to managing salmon populations is knowing the minimum levels
of adult escapement that is needed to fully seed the spawning and
rearing habitat. Once this level of escapement is subtracted from
the run size, the rest is available for harvest (partitioned between
commercial, sport, and Indian commercial, ceremonial, and subsistence fisheries).
The stock-recruitment/maximum sustained yield model reflects this theory (Ricker 1954; Beverton and Holt 1957). In this
model the term “stock” refers to the level of spawning escapement
required to produce a certain level of recruitment. The term “recruit” refers to the number of fish that reach a size where they can
either be harvested by commercial, sport, or Indian fishermen or
escape these fisheries to spawn. At most stock sizes the number of
recruits exceeds the number required to replace the sock by a wide
margin (Figure 14.21).
These “extra recruits” could then be harvested in the commercial, sport, or Indian fisheries. In situations when more adult fish
survive to spawn than are required to produce maximum recruitment an exceptionally large number of offspring would be produced, which, in competing with each other for limited resources
would reduce the resource base such that fewer offspring would be
able to survive until they were recruited into the potential spawning population (Ricker 1954; Beverton and Holt 1957).
Figure 14.21 illustrates this point. Fewer recruits in the area of
the curve to the right of the point of maximum recruitment shows
that if the numbers of spawning adults exceeds the number providing for maximum recruitment, the recruitment actually declines.
From this model, Ricker and Beverton and Holt were able to calculate the stock level which would provide the maximum sustained
yield (harvest) to the fisheries. If the appropriate escapement was
provided this level of harvest could be sustained indefinitely.
As a general rule, if escapements ranged between 33% and 67%
of the run size, the number of spawning adults is sufficient to reproduce the run size. If the run size is exceptionally large, as little as 15%
escapement may be sufficient to reproduce the run size. However, in
the early years of the Columbia River salmon fishery escapements
ranged only from about 2–15%. This was not sufficient to reproduce
the run size, and the numbers of fish in each run began to decline.
Moreover, the stock recruitment model assumes one target stock
(i.e., spawning population in one spawning tributary). Since the
Columbia River salmon are managed as runs (e.g., Upper Columbia
summer Chinook, Upper Columbia fall Chinook, etc.) rather than
discrete target stocks (e.g., Spokane River summer Chinook), weak
stocks continued to be harvested along with strong stocks, which resulted in their near extirpation in many upper Columbia tributaries.
Since about 1970, Washington and Oregon have made a serious
effort to reduce the commercial fishing pressure on salmon and
steelhead in the Columbia Basin. This has been accomplished by
reducing the number of days the commercial fishery in zone 1–5
is allowed to remain open, which has allowed more escapement.
The total number of days the spring, summer, and fall Columbia
River commercial salmon fishing season was open was 38 in 2006,
31 in 2007, and 33 in 2008.

988

Since 1980, ODFW and WDFW have done a much better job of
regulating each run of salmon on steelhead in the Columbia and
Snake rivers by curtailing harvest and allowing sufficient escapement to rebuild weak runs. For example, from 1980 to 2007:
•

The run size of hatchery Upper Columbia spring
Chinook salmon has averaged 116,245 fish, of which
13,929 (12%) were harvested in commercial, sport,
and Indian fisheries and 102,316 (88%) escaped these
fisheries.

•

The run size of hatchery Upper Columbia summer
Chinook salmon has averaged 32,047 fish, of which
3,670 (11%) were harvested in commercial, sport, and
Indian fisheries and 28,377 (89%) escaped these fisheries.

•

The run size of wild Upper Columbia spring Chinook
salmon has averaged 4,573 fish, of which 405 (8%)
were harvested in commercial, sport, and Indian fisheries, 998 (21%) were lost due to passage problems at
Bonneville, the Dalles, John Day, and McNary dams,
and 3,187 (71%) escaped to the Upper Columbia.

•

The run size of wild Snake River spring Chinook
has averaged 18,680 fish, of which 1,757 (8.5%) were
harvested in commercial, sport, or Indian fisheries,
5,402 (31.5%) were lost due to passage problems at
Bonneville, the Dalles, John Day, McNary, Ice Harbor,
Lower Monumental, Little Goose, and Lower Granite
dams, and 11,496 (60%) escaped to the Snake River.

•

The run size of Columbia River coho salmon has
averaged 412,383 fish, of which 196,983 (49%) were
harvested in zone 1–5 commercial and sport fisheries, and 196,983 (51%) escaped to tributaries below
Bonneville Dam or ascended the fish ladders at
Bonneville Dam. The count at Bonneville Dam averaged 57,900, of which 5,233 (11%) were harvested by
Indians fishing in zone 6 and 52,667 (89%) escaped
this fishery.

•

The run size of Columbia River sockeye averaged
69,484 fish, of which 3,095 (3%) were harvested by
commercial fishermen in zones 1–5 and 66,286 (97%)
escaped this fishery and 64,868 were counted in the
fish ladders at Bonneville Dam. Of those ascending above Bonneville, 6,871 (9%) were harvested by
Indians in zone 6 and 57,997 (91%) escaped to either
Priest Rapids Dam on the Columbia River (n = 57,110)
or Ice Harbor Dam on the Snake River (n = 77).

Also, in recent years, the fisheries agencies attempted to establish known stock, terminal fisheries in the Columbia River estuary.
Known as the Select Area Fisheries Enhancement (SAFE) Project,
hatchery raised coho and Chinook are held in net pens at selected
sites for two weeks to six months for acclimation/imprinting (in an
attempt to attract them back there as adults). They are marked prior
to their release to identify them. In 2007, a total of 6,968 Chinook
and 10,516 coho salmon were harvested by commercial fishermen in
SAFE areas (ODFW & WDFW 2003a, 2003b). The fish caught in these
select areas were primarily those that were released there as evidenced
by tag recoveries. Select area fishery impacts on upriver stocks were
negligible. The non-Indian commercial fishery is allowed to har-
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vest approximately 2% of upriver fall Chinook that pass through the
lower Columbia River. Of these, about 0.1% were harvested in SAFE
areas and 1.9% were harvested in the main channel over the 10 year
period 1998–2007 (John North, ODFW, Ocean Salmon and Columbia
River Program, Clackamas, Oregon, pers. comm.).
Fishing for known stock fish in select areas has reduced fishing for mixed stocks in the main channel of the Columbia River.
For example, the number of coho salmon harvested has averaged
55,400 in select areas and 83,000 in the main channel per year between 2000 and 2008 (John North, Ibid). About 40% of all coho
harvested have come from SAFE areas (John North, Ibid).

Hydroelectric dams
Construction and operation of hydroelectric dams on the
Columbia and Snake River mainstems and several tributaries have
also had a crippling impact on salmon stocks in the Columbia
Basin. Hydro impacts include:
1.

Blocked passage of adults to formerly used spawning
areas.

2.

Inundation of spawning habitat formerly used by
adults.

3.

Delayed passage of adults migrating upstream
through fish ladders.

4.

Turbine mortality impacting smolts migrating downstream through hydroelectric dams.

5.

Delayed migration of smolts passing through reservoirs, which may compromise their ability to survive
in seawater.

6.

Mortality from gas bubble trauma caused by nitrogen
supersaturation resulting from spilling water over
high dams.

7.

Predation on smolts by predatory fish and birds
concentrated below hydroelectric dams.

Inundated habitat

Blocked habitat
The Columbia River is 1,989 km (1,243 mi) long. Salmon formerly
had access to the entire length of the river. Chinook salmon ascended in great numbers to the headwater lakes (Columbia and
Windermere) (DeSmet 1846, in Chittenden and Richardson 1905).
Bryant and Parkhurst (1950) reported that as late as 1936:
“Chinook salmon…still ascended the Columbia River
to spawn above Golden, B.C.… These fish usually appeared
during the last week of August or first week of September
and immediately went onto the spawning beds. All of the
salmon taken averaged nearly 40 pounds in weight even
after their long journey of some 1,200 miles from the ocean
and 50 or 60 pound fish were frequently seen…The river
under the bridge [was] packed tight with salmon that were
fighting their way upstream to spawn. After spawning the
shores were covered with dead fish.”

Grand Coulee Dam, constructed without a fish ladder, blocked
runs between the dam site at RKM 954 and the headwaters (RKM
1,989), a linear distance of 1,035 km (647 mi) commencing in 1939.
Including tributaries, (Sanpoil, Spokane, Colville, Kettle, Pend
Oreille, and Kootenay rivers), Grand Coulee Dam blocked salmon
and steelhead from 1,824 linear km (1,140 linear mi) of habitat
(Stober et al. 1979).
Salmon and steelhead also ascended the Snake River to
Shoshone Falls, about 976 km (610 km) upstream from its mouth,
which was a natural barrier falls. Construction of Hells Canyon
Dam at Snake RKM 395 (247.5 mi), without a fish ladder in 1967
blocked salmon and steelhead runs in the Snake River and its tributaries above that point.
Stober et al. (1979) estimated that blockage of habitat by dams
including mainstem and tributary dams had reduced salmon
spawning and rearing habitat in the Columbia Basin from 163,000
sq/mi to 72,800 sq/mi (a 56% reduction). At the time these dams
were constructed, despite being seriously depleted by over fishing in the lower river, upriver stocks were potentially recoverable
because they still contained significant genetic variation. Current
genetic guidelines indicate that an effective population size of
1,000 individuals will prevent inbreeding depression and other
genetic problems associated with a low population size. Clearly,
at the time when Grand Coulee Dam and Hells Canyon dams
were constructed the runs of Chinook salmon and steelhead were
much larger than 1,000 individuals and were still recoverable. For
example, Chapman (1943) had estimated that 800–1,000 salmon
below Kettle Falls in 1938. Since the dams made it no longer possible to recover these populations, it could be argued that the dams
acted with equal or even greater force than the commercial fishery
to cause the extirpation of salmon and steelhead above the points
where the dams blocked runs.

In addition to blocking adult runs of salmon and steelhead, dams
have inundated spawning and rearing habitats. Free flowing sections of the mainstems of the Columbia and Snake River containing gravel bars for spawning and incubation have been replaced by
a series of reservoirs. For example, John Day and McNary dams
inundated 319 km of fall Chinook spawning areas on the mainstem
Columbia River (Fulton 1968; NPPC 1986). Construction of Wells
Dam in 1967 inundated habitat between Wells and Chief Joseph
dams, and eliminated spawning by summer Chinook between
these dams. Redd counts made by the USFWS in the Columbia
mainstem in this reach of the Columbia River averaged (ranged)
about 550 (125–915) in the eleven years (1956–1966) before Wells
Dam inundated the reach and 17 (0–60) in the eleven years (1967–
1977) after Wells Dam inundated the reach (NPPC 1986). The
USFWS recorded zero redds from 1974–1977.
In the Snake River, fall Chinook spawned throughout the Snake
River, from its confluence with the Columbia to Hells Canyon dam
(Fulton 1968). At the present time spawning is confined to the tailraces at Ice Harbor, Little Goose, and Lower Granite dams (Dauble
et al. 1999) and a free flowing segment (RKM 236–397) between
the head of the Lower Granite Reservoir and Hells Canyon Dam
(Irving and Bjornn 1981; Groves and Chandler 1996, 1999).

Delayed passage of adults
A. T. Scholz
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Adult fish ladders (Figure 14.22) were constructed at mainstem
dams on the Columbia River—Bonneville (RKM 234), the Dalles
(RKM 306), John Day (RKM 345), McNary (RKM 467), Priest Rapids
(RKM 635), Wanapum (RKM 649), Rock Island (RKM 725), Rocky
Beach (RKM 758) and Wells (RKM 825) and four mainstem dams on
the Snake River—Ice Harbor (Snake RKM 16), Lower Monumental
(Snake RKM 67), Little Goose (Snake RKM 113), Lower Granite
(Snake RKM 173). Fish ladders were also constructed at dams on
many tributaries, e.g., Horn Rapids (Yakima RKM 40), Prosser
(Yakima RKM 76), Sunnyside (Yakima RKM 166) and Rosa (Yakima
RKM 205) dams on the Yakima River, and Dryden (Wenatchee RKM
28) and Tumwater (Wenatchee RKM 53) dams on the Wenatchee
River. These ladders were a series of pools extending from the tailrace to the forebay of the dam at approximately 0.3 m (1 foot) depth
intervals. Each pool was separated by a weir equipped with either
a slot over which, or a hole though which, the fish had to swim.
Fish ladders (Figure 14.22) were constructed based on designs
obtained in a laboratory constructed by USACE at Bonneville Dam
(Collins 1976; Mighetto and Ebel 1994). This laboratory provided
information about how steep and how long a fish ladder can be,
and the maximum water velocity through which fish can swim
without becoming tired. Fisheries scientists from the USACE and
Bureau of Commercial Fisheries (BCF) measured the performance
of fish in a respirometer (a device that measured oxygen consumption of the fish) by adjusting current velocity in the chamber to
achieve a particular swimming speed. They found that some individuals could swim 26.7 ft per second (FPS), but that water current
velocities above 8–13 FPS were an obstacle to many fish (Collins
1952, 1976; Collins and Elling 1958, 1960; Collins et al. 1962). When
presented with a choice between channels with low velocity (3 FPS)
and high velocity (13 FPS), both salmon and steelhead choose to
pass through the higher velocity channel (Collins 1976). Thus, the
ascent of a properly designed ladder proved to be only moderate
exercise for fish, “similar to swimming at cruising speeds that can be
maintained over long periods of time” (Collins 1976).
Sonic and radio tracking studies were also conducted with
salmon and steelhead to determine attraction flows needed for fish
to find a ladder entrance. Also, fish were tracked as they exited the
ladder to determine the percentages that fell back through turbines
or over the spillway of the dam (Liscom et al. 1979).
Fish ladders constructed on some early dams, that did not pass
salmon well, were later redesigned and reconstructed, based on
information gathered in these studies. Ladders at all of the federal
dams on the mainstem Columbia (Bonneville, the Dalles, John Day
and McNary) and Snake (Ice Harbor, Lower Monumental, Little
Goose, Lower Granite) rivers currently pass adult fish reasonably
well (See Arndt et al. 2004 for a discussion about adult facilities at
each dam), although some problems with fallback remain.
Several studies using radio telemetry have documented that many
salmon and steelhead ascend the fish ladder at Bonneville Dam only to
fall back over the spillway or through the turbines, which delays passage
and contributes to mortality (Monan and Liscom 1973, 1975, 1979; Liscom
et al. 1977; Turner et al. 1984; Bjornn et al. 2000; Boggs et al. 2004a,
2004b). Fallback was also reported to occur at most mainstem dams
on the Columbia and Snake Rivers (Haynes and Gray 1980; Bjornn and
Peery 1992; Bjornn et al. 1999, 2000a, 2000b; Keefer et al. 2004, 2005).
Reischel and Bjornn (2003) documented that 16 of 110 (14.5%) of
radio tagged sockeye and 26 of 122 (21.3%) of radio tagged Chinook
salmon fell back after ascending the Bradford Island ladder at
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Bonneville Dam in 1997. All 16 (100%) of the sockeye and 25 of
26 (96%) Chinook eventually reascended the fish ladder. However,
fallback and reascension delayed the migration of these fish, and it
means that the fish were counted twice passing the Bonneville ladder which led to an overestimate of the numbers of fish counted at
the dam (Bjornn et al. 2000; Dauble and Mueller 2000). Moreover,
in 1998, 20 of 129 Chinook (15.5%) fell back and only 14 of them
(70%) reascended the ladder.
From 1996–2000, Boggs et al. (2004) implanted 5,168 springsummer Chinook salmon, 3,142 fall Chinook salmon, and 4,051
steelhead trout with radio transmitters at Bonneville Dam, then
tracked them as they passed Bonneville, the Dalles, John Day,
and McNary dams on the Columbia River, and Ice Harbor, Lower
Monumental, Little Goose, and Lower Granite dams on the Snake
River. At each dam they determined the fallback percentage by dividing the number of radio tagged fish that fell back at a dam by the
number of radio tagged fish that were observed passing that dam.
They also determined the percentage of those fish that fell back
that later reascended these dams.
Boggs et al. (2004) recognized that two factors could account
for fallbacks:
1.

Disorientation fallback caused by fatigue after ascending the fish ladder; and

2.

Overshoot fallback caused by fish that should have
homed to a tributary or spawning ground below a
dam. Thus, these fish made an error in ascending the
fish ladders of that dam. Since the imprinted odor
is no longer present to elicit a stereotyped behavior
of swimming upstream against a current carrying that odor, they rectify their error by swimming
downstream with the current, which causes them to
fallback over the dam.

Boggs et al. (2004) determined the percentage of fallbacks that
could be attributed to overshooting their home tributary by documenting the number of fallback fish that entered tributaries or
hatcheries downstream from the dam they fell back through. They
divided this number by the total number that fell back through the
dam to obtain the percentage overshooting the dam. The remainder
of fallbacks was attributed to disorientation fallback.
Overall, for all years combined, 22% of spring Chinook, 15% of
fall Chinook and 21% of steelhead trout fell back at least once at a
dam. The number and percentages of fish falling back and reascending each dam, as well as the number and percentage of those falling
back that were attributed to overshooting, is recorded in Table 14.8.
A similar radio telemetry study was conducted with 577 sockeye
salmon captured at Bonneville Dam (Naughton et al. 2005, 2006). In
this case, the fish were followed over seven (Bonneville, the Dalles,
John Day, McNary, Priest Rapids, Wanapum, Rocky Reach) or nine
(Bonneville, the Dalles, John Day, McNary, Priest Rapids, Wanapum,
Rocky Reach, Rock Island and Wells) dams in the Columbia to their
spawning grounds in the Wenatchee or Okanogan basins. Of these,
the number that ascended the fish ladder at each dam were: Bonneville
(n = 563), the Dalles (n = 492), John Day (n = 468), McNary (n = 457),
Priest Rapids (n = 433), Wanapum (n = 427), Rock Island (n = 418),
Rocky Reach (n = 240), and Wells (n = 231) (Naughton et al. 2005,
2006). The number harvested in the mainstem by Indians was 65 (11.3%
of those tagged). The number that entered the Wenatchee or Okanogan

Fishes of Eastern Washington: A Natural History

Family Salmonidae

A

B

C

Figure 14.22 A) Fish ladder at Little Goose Dam on Snake River; B) Dewatered ladder showing holes cut through baffles through which the fish
swim. Baffles provide temporary resting areas for salmon swimming up the ladder, so the water in the ladder does not act as a velocity barrier; C) Counting windows have been installed in fish ladders at most dams on the Columbia and Snake Rivers so that counts
can be made of the number of salmon passing through the ladder.
rivers was respectively 117 (or 29.6% of those tagged) and 208 (or 36.1%
of those tagged). Thirteen sockeye strayed into other tributaries (1.8%
of those tagged). The number of missing fish not accounted for was 125
or 21.7% of those tagged. The numbers and percentages of fish falling
back and reascending each dam are shown in Table 14.8. The fallback
rate for fish falling back at least once per dam varied from 1.9–11.4% but
most (62.5–94.1%) of the fish falling back reascended the dam (Table
14.8). Migration rates through each reservoir averaged about 56 km/day
(Bonneville), 62 km/day (The Dalles), 60 km/day (John Day), 60 km/
day (McNary), 29 km/day (Hanford Reach), 40 km/day (Priest Rapids),
49 km/day (Wanapum), and 39 km/day (Rock Island) (Naughton et al.
2005). Thus, despite fallback, rates of passage through reservoirs were
higher than rates of passage through the last remaining free flowing
reach of the river (Hanford Reach). Only three sockeye salmon overshot their spawning tributary. All of them ascended Rocky Reach dam,
then fell back below the dam to enter the Wenatchee River. Of those
sockeye ascending Bonneville Dam (n = 563), 379 (67%) survived to
enter the Wenatchee or Okanogan rivers, the only known tributaries

where sockeye spawn in the Columbia Basin. Thus, 184 (37%) of the
sockeye migrating upstream from Bonneville Dam perished in route
(their fates were unknown), including 65 which were harvested by
Indians in the zone 6 fishery between Bonneville and McNary dams.
A radio telemetry and fishery reward program was used to
estimate the fates of 10,984 Chinook salmon and 5,324 steelhead
implanted with radio transmitters at Bonneville Dam (Keefer et
al. 2005). About 12–17% of each run had unknown fates in the
mainstem hydrosystem, suggesting that mortality of adults traveling through the Columbia River hydrosystem approaches 15%
annually.
In making their migration from Bonneville Dam to their spawning grounds in the Yakima River, and in converting energy stores into
gametes, adult spring Chinook salmon used 95–99% of their muscle
lipid stores and 73–86% of the lipids stored in their visceral organs
(Mesa and Magic 2006). These data suggest that migration delay
caused by fallback at dams may reduce energy stores and compromise
the ability of some salmon to reach their spawning grounds. Fish that
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Table 14.8

Numbers and percentage of radio tagged spring Chinook salmon, fall Chinook salmon, steelhead trout, and sockeye
salmon that ascended fish ladders at dams on the Columbia and Snake Rivers. Also shown is the number and percentage
of fish that fell back that was attributed to overshooting their natal tributary or hatchery (Data from Boggs et al. 2004a,
2004b and Naughton et al. 2006)
Species

Dam

Ascended fish ladder (#)

#

%

#

%

#

%

Spring Chinook Bonneville

4,415

512

11.6

443

86.5

19

3.7

50

(n = 5,168)

Dalles

3,850

395

10.3

255

64.5

71

18.0

69

John Day

3,295

245

7.4

151

61.8

50

20.2

44

McNary

2,980

168

5.6

91

54.0

53

31.6

24

Ice Harbor

1,498

89

5.9

54

60.7

26

28.8

9

Lower Monumental

1,360

42

3.1

22

52.0

9

23.6

11

Little Goose

1,335

58

4.3

32

55.1

15

25.2

11

Lower Granite

1,399

38

2.7

27

71.7

4

11.2

7

Fall Chinook

Bonneville

2,093

83

4.0

41

49.2

27

31.3

15

(n = 3,142)

Dalles

2,080

176

8.5

51

28.8

71

40.3

54

John Day

1,633

48

2.9

4

8.5

23

47.8

21

McNary

1,366

35

2.6

7

28.3

16

47.0

12

Ice Harbor

155

14

9.0

1

6.1

13

93.9

0

Lower Monumental

146

9

6.2

1

13.3

6

64.4

2

Little Goose

125

23

18.4

6

26.9

14

61.0

3

Lower Granite

95

15

15.7

9

60.0

4

26.7

2

Steelhead

Bonneville

3,223

207

6.4

172

83.2

12

5.7

23

(n = 4,051)

Dalles

3,097

184

6.3

150

77.3

12

6.0

32

John Day

2,628

168

6.4

110

65.3

27

16.2

31

McNary

2,316

200

8.6

100

50.0

50

25.2

50

Ice Harbor

1,681

79

5.0

38

47.7

16

20.7

25

Lower Monumental

1,318

36

2.7

20

56.3

4

10.8

12

Little Goose

1,230

75

6.1

43

57.8

8

11.2

24

Lower Granite

1,420

67

4.7

27

40.5

14

20.7

6

Sockeye

Bonneville

563

64

11.4

59

92.2

5

(n = 577)

Dalles

492

24

4.9

18

75.0

6

John Day

468

17

3.6

15

88.2

2

McNary

457

9

2.0

7

77.8

2

Priest Rapids

433

18

4.2

14

77.8

4

Wanapum

427

17

4.0

16

94.1

1

Rock Island

417

8

1.9

5

62.5

Rocky Reach

240

17

7.9

14

82.4

did not successfully reach spawning tributaries generally had longer
passage times at dams (Keefer et al. 2006; Caudill et al. 2007).

Juvenile passage and smolt transportation
During the downstream migration of juvenile salmon substantial
mortality occurs before smolts encounter their first dam. From
1991 to 2003, Achord et al. (2007) tagged Chinook salmon parr
in several tributaries of the Salmon River with PIT tags, and then
992

Fall backs Reascensions Overshoot No. missing fish

3
3

17.6

3

detected the fish as they passed Lower Granite Dam, the first dam
on the Snake River the smolts had to pass. Estimated smolt survival between the tagging site and the dam averaged (ranged) 16%
(3–48%) for individual populations (Achord et al. 2007). Thus, on
average, Chinook salmon suffered 84% mortality before they encountered their first dam. Similarly, from 1993 to 1998 survival of
Chinook and steelhead smolts released from hatcheries on Snake
River Basin tributaries located upstream from Lower Granite
Dam indicated that substantial smolt mortality (≥ 75%) occurred
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before they passed through Lower Granite Dam and that the
amount of mortality was directly proportional to the distance
traveled (Muir et al. 2001).
Juvenile salmon in the Columbia and Snake rivers have to
pass as many as eight or nine mainstem dams on their way to
the ocean. Mortality of fin clipped, freeze branded or code wired
tagged smolts passing through turbines averaged 15% (NPPC
1986). Recent studies accomplished by using radio telemetry
or PIT tags have shown that mortality remains in this range
(Ledgerwood et al. 1991; Muir et al. 2001). This means that the
total cumulative loss for a population of fish passing eight dams
is 73%. For each 1 million smolts passing Lower Granite Dam
on the Snake River, only about 270,000 eventually make it over
Bonneville Dam.
Survival was related to stream discharge (Raymond 1968, 1979,
1988; Ebel et al. 1973; Muir et al. 1994; and Williams and Matthews
1995). Fish traveled faster and survived better in years when discharge was higher. In years when discharge was 40–80 KCFS, survival from the Upper Snake River to below Bonneville Dam ranged
from 1–5%. In years when discharge ranged from 80–160 KCFS,
survival ranged from about 23–41%.
Two strategies have been used to speed the migration and increase survival of smolts. Flow augmentation refers to when water is released from storage reservoirs to create an artificial freshet
that boosts river flow and helps to speed smolts traveling through
the Columbia and/or Snake reservoirs to the ocean. Some of the
water provided by flow augmentation is spilled but some of it
passes through the turbines and contributes to power generation.
Transportation refers to when smolts are collected in turbine bypass systems by traveling screens, or in surface collectors at Lower
Granite, Little Goose, Lower Monumental and McNary dams. The
fish travel around the dam through a smolt bypass system (a system
of pipes and a fish ladder for smolts). Smolt bypasses hold smolts
until they can be transported by barge or truck for release below
Bonneville Dam. There is evidence that transportation improves
survival compared to in-river migration, especially in dry years.
Currently, smolt transportation occurs in all years, with an increasing proportion transported during low flow years and during the
summer migration season when river discharge decreases. Both
flow augmentation and transportation are currently employed to
improve smolt survival as this is thought to “spread the risk” of
catastrophic losses of smolts in the event that one of the techniques
is unsuccessful in improving smolt survival.
As more mainstem dams were constructed on the Columbia
and Snake Rivers, and more turbines were added at existing dams,
less water was spilled over the spillways; so most of the smolts had
to pass through the turbines. Survival rates of fish passing over
the spillway were about 98% whereas survival rates of fish passing
through the turbines was 87% (Mighetto and Ebel 1994). Elaborate
bypass systems were constructed that enabled the smolts to avoid
the turbines.
Bypass systems (Figure 14.23) made use of research, which
showed that about 80% of the smolts were concentrated in the upper
15 ft of 45–50 foot diameter turbine intakes (Long 1968; Smith and
Farr 1995; Mighetto and Ebel 1994). This occurs because as smolts
become adapted to seawater, their pyloric caeca begins to absorb
water. Hence, they tend to bloat and become more buoyant than
salmon parr because water is more neutrally buoyant than bone
and muscle. When they are swept into a turbine intake they tend to

float. This discovery lead to the concept of using inclined traveling
screens submerged in the gate well slot to divert smolts out of the
turbine intake and into a bypass channel. Fish intercepted by the
traveling screen swim up the gatewell and through a 15–30 cm (6–12
in.) orifice into a bypass channel. The prototype traveling screen was
tested at Ice Harbor Dam in 1969, and incorporated into the design
for Little Goose (became operational in 1971) and Lower Granite
(became operational in 1975) dams. Later the remaining dams on
the Snake and Columbia rivers downstream from the confluence
of the Snake River were retrofitted with similar submerged traveling screens: Bonneville Dam (1982/1993), John Day (1985), McNary
(1981), Ice Harbor (1996), and Lower Monumental (1982) (Arndt et
al. 2004). Research was then conducted on the guidance efficiency
of those bypass systems of each dam. Guidance efficiency is defined
by the percentage of salmon travelling through turbine intakes that
were intercepted by the travelling screen and shunted through the
bypass system rather than passing through the blades of a power
turbine. Guidance efficiency was about 70–78% for spring migrants
and about 45–53% for summer migrants (reviewed by Arndt et al.
2004).
Smolts were also collected from the forebay using floating
surface bypass collectors. In this instance, smolts traveling on the
surface of the forebay are collected and shunted into the bypass
channel.
In 2004, 2005, and 2007 a new type of surface bypass called
the removable spillway weir (RSW) or “fish slide” were installed respectively at Ice Harbor, Lower Granite and Lower Monumental
dams (Figure 14.24). As water spills over these weirs, smolts are
passed over a raised spillway crest, similar to a water slide. The efficiency of the structures for passing smolts was evaluated in 2005.
Spill effectiveness (percent of fish passed through the spillway ÷
percent of water passed through the spillway) was 2–3 times higher
for RSW’s than for conventional spillways (USACE/BOR/BPA 2006;
Adams et al. 2001; Ham et al. 2007). One advantage of RSW’s is that
the flow of water over the dam is laminar, which reduces problems
with nitrogen supersaturation below the dam.
Fish that use smolt bypass systems in conjunction with traveling
screens in turbine intakes or surface bypass collection devices could
be returned to the river to continue their downstream migration.
Alternatively, they could be put on trucks or in live cages on barges
and transported below Bonneville Dam. One advantage of transporting fish is that each dam delays the downstream migration of
smolts by about three days (Collins 1976). Cumulative delays at eight
dams may prolong the downstream migration by at least 24 days.
Prior to construction of eight mainstem dams on the Columbia and
Snake Rivers it took about 30–40 days for Chinook salmon smolts
to migrate from the Clearwater River, Idaho to the ocean, whereas
after the dams were constructed it took them about 60–80 days.
Salmonids begin adapting to seawater at the start of the migration
period and must reach the ocean within about 30–40 days or they
will have difficulty in becoming completely adapted to seawater. If
they remain in freshwater for longer than 45–60 days after their
initial adaptation, they will begin to residualize (i.e., become readapted to freshwater). Based on salinity tolerance testing, saltwater survival drops to less than 20% for steelhead, coho, and Chinook
that have residualized (Adams et al. 1975; Hasler and Scholz 1983).
Thus, considerable mortality may occur in the event residualized
fish attempt to migrate to sea. Transporting the fish could speed up
the migration and reduce problems with residualism.
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Juvenile bypass systems have been installd at most mainstem dams on the Columbia and Snake rivers. A) Diagram of
bypass system. In the Furebay, salmon enter the pensocks that supply each power turbine generator. They have positive
buoyancy so most of them tend to move along the upper half of the penstock where they are intercepted by inclined
traveling screens placed in gatewell slots. They then upwell in the gatewells and pass through orifices, set near the top of
each gatewell, into a juvenile bypass channel which transports them below the dam into the tailrace without having to
pass through the turbine blades. B) Gatewells at Little Goose Dam, Snake River. The crane is used to place the inclined
traveling screens into each gatewell slot. C) Inclined traveling screen at top of the gatewell before it has been lowered
into position in to the turbine penstock. D) Orifice gallery at Lower Monumental Dam. The Orifices that connect the
gatewell to the juvenile bypass channel are below the grates upong which the people are walking. The juvenile bypass
channel is under the grates. E) Closeup of oriface where fish are shunted into the juvenile bypass channel. F) The bypass
channel where it exits Little Goose Dam. G) The juvenile bypass at Little Goose Dam. Adult fish ladders can be seen underneath the juvenile bypass. H) Seperator screens in the juvenile bypass sort fish by size. Juvenile salmon pass through
the grates in the screen while larger fish don’t. I, J) Smolt transportation barge. K) Loading fish onto a smolt transportation barge. L) Turbine injured steelhead that had its head sliced open. Figure 14.23 continued on next two pages.
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(Continued). For explanation see caption on page 996. Figure
14.23 continued on next page.
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(Concluded). For explanation see caption on page 996.
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Figure 14.24 Removable spillway wier (RSW) or fish slide showing attachment to dam A) in operational position and B) in stowed position C)
RSW being barged to a dam; D) RSW installed and operating on dam; E) Note the laminer flow over the spillway of the dam and
compare to that of a typical spillway (F).
Juveniles in the bypass system were passed into a collection facility where they were loaded onto tanker trucks, PBY aircraft, or into
barges. Because more fish could be loaded onto barges than trucks
or aircraft, barges became the method of choice for transporting
salmon. The USACE also funded studies to test the efficacy of transportation. The objectives of these studies were to determine if:
1.

2.

If adults, transported hundreds of kilometers around
their normal migration route as juveniles, could
actually find their way back to the dam where the
juveniles were collected;
Adult returns to fisheries (harvest) and to either the
parent stream or hatchery (escapement) could be
increased by transporting smolt across several dams.
Higher numbers of fish should be recovered in harvest and escapement because of cumulative mortal-

ity associated with turbines and predation could be
avoided;
3.

Smolts transported in live cages on a barge and, thus
exposed to the same sequence of odor cues they
would normally encounter during their downstream
migration, homed better than fish transported by
truck around their normal migration route.

Each of these studies compared a group of test fish that were
transported with a group of control fish that were released below
the dam to find their way down a long series of dams and impoundments. Individual fish from each group were initially identified by a combination of freeze branding (applied by dipping a
branding iron into liquid nitrogen) and fin clipping. Later, they
were tagged with a coded wire tag (CWT), a tiny piece of magnetic
wire, embedded in the snout. Each group was identified by a series
A. T. Scholz
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of notches cut into the tag. A magnetic detector placed in the fish
ladders of selected dams detected the tag and activated a solenoid,
which flipped a gate that automatically shunted the tagged fish
into a holding tank. The CWT’s were extracted from the fish and
notches read under magnification to identify the group to which
it belonged. Some fish were tagged with passive integrated transponders (PIT) tags that contain a wire coil that can be temporarily
energized to act as a battery. When interrogated with a PIT tag detector a PIT tag is activated and sends out an alphanumeric signal
that uniquely identifies the fish. Most of these studies were conducted at Ice Harbor Dam commencing in 1969, Little Goose Dam
commencing in 1971 and Lower Granite Dam commencing in 1975.
Results were initially promising for steelhead and Chinook
salmon (Ebel et al. 1972, 1973; Slatick et al. 1975; Ebel 1979, 1980;
Park et al. 1980, 1983; McCabe et al. 1983; Smith et al. 1984; Park
1985; Athearn 1985; Matthews 1992; Ward et al. 1997). Park (1985)
reviewed all of the transportation studies conducted between
1968 and 1984. Survival of transported fish to fisheries was quantitatively higher than controls. The homing ability of transported
adults back to the dam where they had been collected (or to their
hatcheries or home tributaries) was generally as good as or better than controls. Benefits were greatest in years when water flow
was lowest. Steelhead benefited in both low water years and normal
water years, whereas Chinook benefited from transportation only
in low water years.
In some transportation studies, it was determined that direct
transportation of juvenile Chinook salmon and steelhead from
hatcheries to a distant downstream release site impaired the homing of adults to the hatchery (Slatick et al. 1982, 1988a, 1988b). Many
more strays were reported in the transported group than for the
control group released at the hatchery. During these studies it was
found that if the fish made a short migration and were collected at
(and transported from) the first dam they encountered below their
hatchery, it improved their homing back to the hatchery. This result can be explained by the olfactory imprinting hypothesis. Some
of the fish transported directly from the hatchery had not passed
through the critical period for imprinting whereas all (or most of)
those transported from the first dam below the hatchery passed
through the critical period for imprinting.
Fish transported by truck generally homed back to dams, tributaries, and hatcheries with equal precision to fish transported in
barges. By 1990, about 22 million salmon and steelhead per year
were transported around Lower Granite, Little Goose, or McNary
dams. Of this total, about 1.5 million were transported by truck and
20.5 million were transported by barge. The USACE transported
fish in five tanker trucks and six barges.
Passage through turbine bypass systems and transportation can
induce physiological stress (Maule et al. 1988; Gadomski et al. 1994;
Congleton et al. 2000). Transported fish suffer some mortality, but
it is usually much less than the mortality the fish would have experienced had they migrated through the Snake and Columbia rivers.
For instance, in 2008, when 5,082,176 total salmon and steelhead
were collected in the bypass systems at Lower Granite Dam on
the Snake River, 4,235,017 were transported by barge, 17,178 were
transported by truck, and 815,565 were bypassed and released below Lower Granite Dam (Source: Fish Passage Center, http://www.
fpc.org/currentdaily/cumtrans.htm, updated 11/13/2008). The total
number of dead fish recorded during the bypass and transportation operation was 14,416. For the fish that were bypassed and al998

lowed to migrate in-river, the total mortality assuming they passed
over 7 additional dams could have been as high as 401,183 fish (assuming 15% mortality as they passed each dam).
Results from a marking program conducted at McNary Dam
in 1985 and 1989 and Lower Granite Dam in 1989, to evaluate
barge transport to a site below Bonneville Dam were described
by Harmon et al. (1993). Experimental groups of fish transported
by barge (T) from Lower Granite or McNary Dam to below
Bonneville Dam were compared to control groups (C) that made
in-river migration between Lower Granite or McNary dams to below Bonneville Dam. About equal numbers of T and C fish were
released. The number of T and C fish recovered in ocean fisheries, Columbia River fisheries and those escaping to natal spawning
tributaries or hatcheries in the Columbia/Snake rivers were compared. For fall Chinook smolts transported from McNary Dam in
1986, significantly more transports than controls were recovered
from all locations, including a T/C ratio of 3:1 in ocean fisheries)
(Harmon et al. 1993). For spring/summer Chinook smolts transported from Lower Granite Dam in 1986, significantly more transports than control fish were recovered, with a transport to control
ratio (T/C) of 2.4:1 (Harmon et al. 1993).
In a different study, Chinook salmon and steelhead smolts that
were transported from Lower Granite or Little Goose dams to a release site below Bonneville Dam were compared to control fish that
migrated in-river (Sandford and Smith 2002). Adult return percentages for transported Chinook and steelhead were higher than
those migrating in-river. The authors concluded, “Once a juvenile
fish is entrained in a bypass system at a collector dam, transporting
the fish maximized the probability of its eventual return as an adult.”
However, the benefits anticipated from transportation (i.e.,
more adults for harvest and escapement) have never been fully
realized (Matthews 1992; Mundy et al. 1994; Ward et al. 1997), suggesting that transported smolts experience higher rates of mortality
either in the Columbia River downstream of Bonneville Dam or in
the estuary/ocean than fish that migrate in-river. Muir et al. (2006)
examined mortality in PIT-tagged fish that were either transported
by barge from Lower Granite to below Bonneville Dam or released
below Lower Granite dam to migrate in-river. In-river migrants
took 2–4 weeks to travel between the two dams, in which time
they grew 5–8 mm TL, whereas transported fish took two days and
did not grow during the barge ride. The size difference made the
transported smolts more vulnerable than those that migrated inriver to predation by northern pikeminnow in freshwater below
Bonneville Dam and Pacific hake Merluccius productus in marine
environments (Muir et al. 2006).

Flow augmentation, spill, and gas bubble trauma
Spillways appear to be the safest passage routes provided that total
dissolved gas (TDG) levels remain below 120% of saturation. Spill
is water that passes over the spillway instead of through the powerhouse. Survival of smolts that pass over the spillway of a dam is
generally higher (≥ 98%) in comparison to smolts that pass through
the turbines (≈ 87%) (Schoeneman et al. 1961; Muir et al. 1995a,
1995b, 1996, 1998, 2001, 2003; Beeman et al. 2000, 2001, 2002a,
2002b; Absolon et al. 1999, 2002; Ferguson et al. 2005, 2006). When
water is being spilled it speeds smolt migration through forebays
and tailraces, and thus reduces the amount of time that smolts are
exposed to predators that congregate in the tailrace.
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However, excessive spill can kill smolts when TGP exceeds
120% of saturation. Spill has killed substantial numbers of salmon
smolts. For example, in 1971, when TDG levels approached 145%,
gas supersaturation killed 70% of the smolts in the Snake River
(Ebel et al. 1975). Whenever TGP exceeds 120%, juvenile salmonids
experience gas bubble trauma (GBT). GBT is a condition similar to
“the bends” that human divers experience when their blood under pressure becomes supersaturated with nitrogen. If the diver
ascends too rapidly the gas comes out of solution in the blood and
forms gas bubbles (called emboli) in the blood capillaries. When
these bubbles expand as pressure decreases if the diver ascends too
rapidly, they may rupture the blood capillaries.
Water falling over the spillway of a dam falls as raindrops,
which maximizes the surface area for absorption of atmospheric
gas composed of 80% nitrogen, 19% oxygen and other trace gases.
As the water falls into the plunge pool below the dam, hydrostatic
pressure at depth forces these gases into solution. Boyle’s Law states
that pressure × volume = constant; so when a fish swimming at
depth picks up these supersaturated gases and then rises to the
surface (decreases pressure), the gases come out of solution in the
blood and form emboli. Emboli can coalesce in the ventral aorta
or afferent gill capillaries, which blocks blood flow and kills the
fish (acute GBT) (Weitcamp and Katz 1980). Emboli may also cause
blood vessels supplying the skin to rupture, forming pinpoint lesions, termed petechial hemorrhages, or causing blindness (sublethal or chronic GBT) (Ebel et al. 1971, 1975; Ebel and Raymond
1976; Weitcamp and Katz 1980).
Although, the U.S. Environmental Protection Agency (EPA)
and Washington State Department of Ecology (WDOE) have criterion that rivers cannot exceed 110% supersaturation both the
Columbia and Snake Rivers, as well as many of the tributaries of
the Columbia (e.g. Pend Oreille and Spokane Rivers), frequently
exceed 110% (may go as high as 130–145%). This is because of all
the dams that have been constructed on these rivers. I have noticed
that at 110% GBT has minimal effects on fish. At 120% some fish
in a population experience symptoms of acute or chronic GBT. At
130% or above most of the fish in a population experience acute or
chronic GBT. In some cases the symptoms of chronic GBT are so
severe that they cause secondary infections that results in death.
(See Chapter 11: Catostomids pages 784–786)
Spillway deflectors were installed on the dams in an attempt to
try to minimize nitrogen supersaturation. Spillway deflectors are
lips added at the base of the spillway that divert the spilling water
along the surface instead of allowing it to plunge to depth in the
plunge pools. This prevents the atmospheric gases from dissolving
into the water and becoming supersaturated because of the lack
of pressure. However, at high levels of spill, spillway deflectors are
ineffective.
GBT was a severe problem in the 1960s and 1970s when many
of the dams in the Columbia River were being constructed. Many
of the dams were high dams, approaching 100 ft in height. Height
is important because diffusion of atmospheric gases into water is
a time dependent process. By the time it took water to spill over
a high head dam, there was sufficient time for the gases to diffuse
into the water, which caused it to become supersaturated with atmospheric gases. In free flowing rivers, where water plunges over
a natural waterfall, supersaturation rarely becomes a problem because riffles and cascades below the fall quickly release the excess
gas back to the atmosphere. In impounded rivers, where water is

backed up behind the dams to the tailrace of the upstream dam,
there is insufficient turbulence to purge the excess gas; so it remains
in the river for the length of the reservoir. Collins (1976) noted, “The
most critical circumstances occurred when new dams were completed
and a high flow occurred before the turbines could be put into operation. At such times, the entire river flow plunged over the spillway.”
By the time all of the turbines were installed at all dams in the
late 1970s, nitrogen supersaturation was no longer a problem in
years with below average and average discharge. The reason was that
there was no spill as all of the water in the river was passed through
the turbines. Only in above average flow years did the discharge
exceed the hydraulic capacity of the turbines, causing some water
to be spilled. An example occurred in 1997, when record discharge
caused water to be spilled at all dams for several months, creating
nitrogen supersaturation conditions in excess of 130% throughout
the Columbia and Snake river mainstems.
In below average or average flow years, when all or most juvenile migrants were passed through turbines, mortality was exceptionally high. For example, 1973–1977 were low flow years when
almost all Snake River spring Chinook salmon and steelhead
passed through turbines. Mortality was estimated at 95% for spring
Chinook and 99% for steelhead in those years (Sims et al. 1978).
This has lead to the concept of diverting some water out of the
turbines and spilling it in below average and average flow years,
so that some juvenile salmon can pass over the spillway and suffer
less mortality, although this comes at the expense of hydropower
energy that could have been produced had the spilled water been
passed through the turbines.
A water budget was established by the NPPC to help flush juvenile salmon and steelhead down the Snake and Columbia rivers,
and to provide water for spill. NPPC, in 1982, initially allocated 1.2
million acre feet (MAC) for the water budget. Later the NMFS allocated about 13.5 MAC for the water budget after several stocks of
Columbia River salmonids were listed as threatened or endangered
under the Endangered Species Act. See more discussion avout this
in Volume I, p.293. This water comes from upriver storage reservoirs, especially Grand Coulee (Columbia River) and Dworshak
(Snake River) which were initially required respectively to provide
volumes of water equal to 58 kcfs months at Priest Rapids Dam
on the Columbia River and 20 kcfs at Lower Granite Dam of the
Snake River. [One kcfs–month equals 1,000 cubic feet of water
per second for one month.] A Fish Passage Center comprised of
federal, state, and tribal fisheries agencies was created to make
decisions about the most opportune time to implement the water
budget and make spill requests.
Because some mortality was associated with transportation
whereas less mortality was associated with spill, when Snake river
flows were sufficiently high that spill occurred at Lower Granite,
Little Goose and Lower Monumental dams (>100 KCFS for 5 consecutive days), steelhead and Chinook were separated, and the
steelhead were transported, whereas the Chinook were released
back into the river below the dam. Whenever the flow was below
this point both species were transported.

Dams as predator traps
Many avian and fish predators congregate in the tailrace of dams, taking advantage that smolts become disorientated after passage through
turbines. Also, sensory systems of smolts suffer injury due to cavitation
and pressure changes in turbines, which impairs their ability to detect
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and avoid predators in the tailrace (Ferguson et al. 2006). Predation by
fish and birds can be substantial. For example, about 13% of 16 million
salmon and steelhead trout passing through John Day Reservoir annually in 1985–1986, were consumed by fish predators (Beamesderfer and
Riemann 1991; Poe et al. 1991; Riemann et al. 1991; Vigg et al. 1991). Of
this total northern pikeminnow consumed 77% (or 1.6 million smolts),
walleye consumed 14% (or 291,200 smolts), and smallmouth bass consumed 9% (or 187,200 smolts) (Poe et al. 1991; Vigg et al. 1991). Channel
catfish also consumed additional smolts (Vigg et al. 1991).
Zimmerman (1999) examined the food habits of northern pikeminnow in Bonneville, the Dalles, John Day, and McNary reservoirs
on the Columbia River (n = 1,372) and in Lower Monumental, Little
Goose, and Lower Granite reservoirs on the Snake River (n = 378).
Pike minnow stomachs in the Columbia River reservoirs contained
1,261 identified fish, of which 401 (31.8%) were Chinook salmon or
steelhead smolts. Pike minnow stomachs in the Snake River reservoirs contained 353 identified fish, of which 301 (85.2%) were
salmon and steelhead smolts. Radio telemetry investigations have
documented that northern pikeminnow in Columbia River reservoirs make migrations to the tailrace of upstream dams (Martinelli
and Shively 1997) and can specifically locate juvenile salmon bypass
outfalls as well as turbine outfalls (Shively et al. 1996).
Beamesderfer et al. (1996) estimated that northern pikeminnow consumed 16.4 million salmon and steelhead smolts annually
throughout the Columbia and Snake rivers. When compared to the
200 million smolts produced annually in these rivers, pikeminnow
consumed about 8% of the total salmon and steelhead production.
Based on the results of these studies, the fisheries agencies developed a plan to reduce northern pikeminnow in the Columbia and
Snake River reservoirs. Essentially, this program pays a bounty or
cash reward to anglers that turn in a pikeminnow at a check station. (See Chapter 10, pages 637–639 northern pikeminnow
behavior and ecology.)
Bird predators also consume large numbers of smolts as they
pass over or through dams (see pages 966–975, this chapter, for
more details about bird predation on salmon smolts).

Productivity of Environment for Producing Salmon
Estuary productivity
Total surface area of the Columbia River estuary was estimated at
482.5 km² (Thomas 1983). The surface area of the estuary was reduced
by 24% between 1868 and 1958, as a result of dyking tidal marshes
and swamps (Thomas 1983). Discharge to the estuary is currently
14% less than historical discharges owing to construction of 21 dams
on the mainstems of the Columbia and Snake Rivers between 1933
and 1982 (Bisson et al. 2000). Upriver storage dams store snowmelt
water that enters the river in spring, which reduces discharge to the
estuary by 50–55% in April–September. Ponding of water in storage
reservoirs increases evaporation of water and additional amounts are
diverted for irrigation. The stored water is released during the winter
months to produce electricity for heating homes, which increases
discharge to the estuary by 35% from October–March. The result has
been about a 15% decrease in the discharge to the Columbia estuary
between 1879 and 1999 (from about 6,000 m³/s to about 5,000 m³/s)
(Bisson et al. 2000).
Upstream dams trapped sediments and nutrients and kept
them from reaching the estuary. The post-dam sediment loads
1000

reaching the estuary were about 50% that of pre-dam loads (Bisson
et al. 2000). The sediment loads of the Columbia River measured
at The Dalles was estimated at 14.9 million tons per year from 1934
to 1958 and 7.6 million tons per year from 1958 to 1981 (Sherwood
et al. 1990). Extensive dredging and the use of jetties to stabilize
dredged channels have altered the physical environment of the estuary. Between 1909 and 1982, annual dredging removed one-third
to one-half the annual sediment load that reached the estuary
(Sherwood et al. 1990). These results suggested that the productivity of the estuary has gradually become reduced.
McCabe et al. (1983) described the interrelationships between
juvenile salmonids and non-salmonids fishes in the Columbia
River estuary. Fish were sampled by beach seines at five intertidal
sites in the upper estuary and six intertidal sites in the lower estuary, and by purse seines at eight pelagic sites each in the upper
and lower estuaries. Stomachs were collected from the fish sampled to assess food habits. A total of 21 chum salmon, 1,395 coho
salmon, 29 sockeye salmon, 6,819 Chinook salmon, 32 cutthroat
trout and 537 steelhead were collected. American shad (Clupeidae)
and smelt (Osmeridae) were captured in the nets along with the
salmon. Juvenile American shad (age 0–2) were found in the estuary throughout the year (Haertel and Osterberg 1967; Bottom et al.
1984). High diet overlap was noted between the species of salmonids and between the American shad and the salmonids (McCabe
et al. 1983). Organisms that were preyed on by both shad and juvenile salmonids included amphipod crustaceans Corophium salmonis and Corophium spinicorne, chironomid larvae, and Daphnia.
American shad also consumed copepods, which were rare in salmonid diets. Diet overlaps were estimated at about 59% between
American shad and Chinook salmon, and 59% between American
Shad and coho salmon (McCabe et al. 1983).
Hatchery production was gradually ramped up in the Columbia
River from about 50 million salmon and steelhead annually in
1950 to about 200 million salmon and steelhead annually by 1995.
Bisson et al. (2000) estimated that the number of naturally produced salmon and steelhead migrating downstream before development occurred in the Columbia Basin most probably numbered
between 124 million and 248 million, so it may be that the current
hatchery production plus current natural production equals or exceeds historical production levels. This could potentially increase
competition once the downstream migrants reach the estuary,
especially since, 1) the estuary is presently not as productive as it
once was, 2) the migration times of hatchery fish through the estuary is more compressed than that of naturally produced wild fish,
which potentially could create a bottleneck that increases mortality, and 3) there are currently about 2–5 million American shad that
share the estuary with the salmon. These shad have a high degree
of diet overlap with salmon and they are probably competing with
them for the same food resource base. I argue that more emphasis needs to be placed on understanding salmonid/American shad
relations to determine if removal of shad would benefit salmonids.
I suspect that removal of shad might have an immediate effect on
improving survival of juvenile salmon in the estuary, which has
potential to dramatically increase adult returns. I anticipate that
since a typical adult shad weighs 2–3 kg, whereas a typical salmonid weighs about 3–5 kg, that removal of two shad should increase
salmonid production by one fish. If half (1–2.5 million) the shad
are removed, this could potentially increase the adult salmon and
steelhead runs by 0.5–1.25 million fish. In fact, the current in-
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creases in salmon abundance may be related to recent declines in
shad production In 2009, runs of salmon in to the Columbia River
increased while runs of shad decreased. It would be relatively easy
to harvest shad without impacting salmonids by removing them as
they pass through the fish ladders at Bonneville, the Dalles, John
Day, McNary, Ice Harbor, and Little Goose dams. Their carcasses,
(containing marine derived nutrients, rendered into pellets) could
be added to streams with low salmon returns in order to fertilize
them and thereby increase their productivity for salmon.

Ocean productivity: El Niño Southern Oscillation
and Pacific Decadal Oscillation
Ocean conditions can be favorable or unfavorable for the survival
and growth of salmon and steelhead. Although the North Pacific
Ocean seems vast, there is a finite limit to its productivity. Ocean
productivity of the North Pacific Ocean varies in cycles ranging from approximately 10–37 years, called the Pacific Decadel
Oscillation or, more appropriately the Pacific Interdecadal
Oscillation (PDO). Superimposed on these cycles are short term
events that occur at 3–7 year intervals and last approximately 6 to
18 months, called El Niño Southern Oscillation (ENSO).
The atmosphere of the North Pacific Ocean plays a key role
in establishing ocean conditions off the west coast of North
America. Under normal conditions a large, powerful low pressure system is located off the Aleutian Islands and a subtropical
high pressure system is located off the coast of California. In
spring and summer, the Aleutian low pressure system weakens and migrates to the west. These pressure systems affect the
winds along the Oregon and Washington coasts. During the
fall and winter months, the winds generally blow northward.
During the spring and summer winds generally blow southward. Instead of going in the same direction as the wind, the
surface currents move offshore at an angle of 45° because of the
coriolis effect, which arises from the rotation of the Earth and
acts to deflect motion to the right in the Northern Hemisphere.
At depth, water is transported 90° to the wind direction by an
Eckman spiral. As this water moves offshore, cold nutrient rich
water from below the surface flows upward to replace it. This
process is called upwelling. The opposite of upwelling, called
downwelling, occurs in the fall and winter months when winds
blow toward the north and surface water is forced shoreward.
Upwelling is responsible for productivity of the ocean because
the deep, cold water, laden with nutrients fertilizes phytoplankton production in surface waters. During periods of upwelling
phytoplankton flourishes and provides ample food for zooplankton. Zooplankton provides food for planktivorous fishes such as
herring, anchovies, sardines, sandlaces and salmon smolts, which
in turn, provides food for piscivorous fishes such as adult salmon
(Mysak 1986). ENSO and PDO greatly affect the timing and duration of the upwelling season and, therefore, have major impacts
on the biological productivity of the ocean.
ENSO has a warm phase (called El Niño) and a cool phase
(called La Niña). ENSO events initially occur along the equator. In
most (La Niña) years, the Pacific trade winds blow the equatorial
current in a westerly direction toward Australia and Southeast Asia.
As the surface waters are transported along the equator, they are
continually heated by the sun, so warm water piles up on the western side of the Pacific Ocean (Figure 14.25a, left). The sea surface is

about 1.5 ft higher on the western side of the Pacific than the eastern
side of the Pacific owing to this transport of warm water. During
El Niño years the trade winds weaken, and the warm waters of
the equatorial current are pushed as a wave (called a Kelvin wave)
into the eastern Pacific off the coasts of Ecuador, Peru, and Chile,
Central America, Mexico and California. During this time the sea
level of the eastern Pacific Ocean rises about 1.5 ft (Figure 14.25a
right). The phenomenon usually first appears at Christmas so
Peruvian’s named it El Niño, “the Little Boy,” for the Christ child.
The ENSO index for 1950–2009 is presented in Figure 14.25b.
There is a linkage between the atmospheric pressure in the
Pacific and Indian Oceans. When pressure is high over the Pacific
Ocean, it is low over the Indian Ocean and vice versa. The system resembles a see-saw with the fulcrum located at 180°W longitude × 15°S latitude (centered over Fiji). Movement of high pressure in the Pacific Ocean from the equator to about 30°S Latitude
is called the southern oscillation. El Niño events are caused by the
southern oscillation. It is the southern oscillation that causes the
trade winds to weaken.
The intensity of El Niño events varies. During intense El Niño
events, such as occurred in 1983 and 1997–1998, the trade winds
became equatorial westerlies, which pushed warm water to the
coasts of North and South America. This warm water suppressed
upwelling of cold, nutrient laden bottom water along the coastline.
Normally, along the coasts of Washington, Oregon and California
coastal upwelling occurs in a band that is about 48 km (30 mi) wide
along the coastline. During El Niño years, this band of upwelling
water is compressed to about 1.6 to 3.2 km (1–2 mi) wide along the
coast. During intense El Niño years, upwelling may be entirely suppressed. El Niño events, thus, cause a decline in nutrients which
cause a decrease in primary (phytoplankton) productivity, which,
in turn, caused a decrease in secondary (zooplankton) production
off the Pacific Coast (Doyle 1995). Since juvenile salmonid fishes
entering the ocean are dependent on zooplankton consumption,
and zooplankton is limited during El Niño events, El Niño events
have the potential to cause density dependent mortality among
the salmon.
To a certain extent, before dam construction and before American
shad were introduced into the Columbia River, this mortality was
probably kept to a minimum by the productivity of the estuary. At
present, dams intercept nutrients and deposit them in the sediments
of their reservoirs, reducing nutrient load to the estuary, making it
less productive. Approximately 100 million of the 200 million hatchery and wild salmon and steelhead smolts that migrate down to the
Columbia River make it to the estuary. They pass through the estuary in about a three month period. Probably about an equal number of juvenile American shad migrate to the Columbia estuary.
Interspecific competition for limited food resources with shad in the
estuary and intraspecific competition for limited food resources with
other salmonids in the ocean during periods when zooplankton are
limited likely produces substantial mortality.
When plankton and forage fish are plentiful salmon smolts
grow larger, faster, enabling them to better escape predators. This
results in better survival, which produces strong year classes and
more adults returning to spawning tributaries. When their usual
food supply is unavailable, some salmon starve to death. Those
that do survive are smaller in size and, thus, are susceptible to
predators for a longer time. When smolts are confined in an area
along the coastline during El Niño events, predators may spend
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A) La Niña (left, top) El Niño (right, top). These images of the Pacific Ocean sea surface height were taken using the U.S./
French Topex/Poseidon satellite. The sea surface height is correlated with warm sea surface temperatures. Blue, green and
purple colors represent cool ocean surface temperatures. White, red and yellow colors represent warm surface temperatures.
White color represents extra warm surface waters with elevations of 14–32 cm (6 to 13 in.) above normal and water temperature at 21–30° (70–85°). The top right image taken on November 10, 1997 is indicative of an intense El Niño. Note that the
white color extends to the coast of Washington. The top left image, taken on January 17, 1999 is indicative of La Niña conditions (Photographs courtesy of Jet Propulsion Laboratory, Pasadena, California). B) ENSO index: 1950–2009. This index is
computed using six variables including sea surface temperature, sea level pressure, and surface wind speed and direction and
other variables. Values near zero represent average conditions. Values further away from zero are considered to be anomalies
indicative of El Niño (positive values) or La Niña (negative values) conditions. The further the departure from zero the more
intense the El Niño. Strong El Niño’s occurred in 1899–1900, 1932, 1940–1941, 1957–1958 and 1972–1973. Very strong El Niño’s
occurred in 1925–1926, 1983 and 1997–1998.
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less time searching for them and they probably consume more of
them because the predators have higher rates of metabolism in
warm water than in cold water. Conversely, the smolts must expend greater amounts of energy to avoid predation, leaving them
with fewer energy reserves to store in growth. In contrast, during
La Niña events, salmon smolts spread out over a larger area away
from the coast, so predators have to spend more time and energy
searching for them. Also, the cooler water lowers the metabolic
rate of the predators so they do not consume as many smolts.
Another facet of El Niño is that intrusion of warm water along
the Pacific Northwest coastline extends the range of many subtropical and tropical fish species northward bringing them into direct
contact with salmonids. During the 1983 and 1997–1998 El Niño,
piscivorous predatory species such as swordfish, marlin, tuna,
mackerel, and thresher sharks moved north and consumed Pacific
salmon (NOAA, 2005. Impacts of El Niño on Fish Distribution,
http://www.elnino.noaa.org/enso4.html, accessed on 01 July 2005).
After entering the ocean, Columbia River coho salmon generally remain along the coast of Washington, Oregon and northern
California (Pearcy 1984; Pearcy and Fisher 1988). Ocean conditions during their first summer in the ocean affect growth and
survival of these coho. A strong relationship has been found between coastal upwelling during the spring and summer when coho
smolts (at age 1.5) enter the ocean and adult (age 3.0) abundance
the following year (Scarnecchia 1981; Rasmussen 1985; Nickelson
and Lichatowich 1984; Pearcy et al. 1985; Pearcy and Schoener
1987; Fisher and Pearcy 1988; Brodeur and Pearcy 1992; Nickelson
et al. 1992; Sharp 1992; Hobday and Boehlert 2001; Brodeur et al.
2003). Adult production was high following years when smolts entered the ocean during strong upwelling and low following years
when smolts entered the ocean during weak upwelling (McGie
1981, 1984; Nickelson 1986, Fisher and Pearcy 1988; Emlen et al.
1990; Beamish et al. 2001). Coho salmon, collected off the coast of
Washington during the 1983 El Niño event, when upwelling was
poor, had low stomach fullness, lower weight and low survival
(Fisher and Pearcy 1988). In contrast in 1981, 1982 and 1985, years
without El Niño events, upwelling was normal coho salmon had
fuller stomachs, weighed more and survived better in those years
(Fischer and Percy 1988). Increased vulnerability to predators, due
to decreased abundance of alternative prey for predators, caused
by weak upwelling, was speculated as the cause of the increased
mortality of coho during 1983 (Fisher and Pearcy 1988).
The number of coho smolts released in northern California,
Oregon, and Washington increased from 10 million per year to
about 40 million per year between 1960 and 1974, fueled largely
by the production of hatchery smolts (Nickelson 1986). This increased the number of returning adults from approximately one
to four million coho. The number of coho smolts released in this
same area increased from about 40 to 63 million between 1975
and 1982. This did not increase the number of returning adults.
Instead, the number of returning adults actually decreased to less
than two million during this period (Nickelson 1986); suggesting
that, perhaps, the carrying capacity of the saltwater environment
had been exceeded, resulting in an increase in density dependent mortality. Alternatively, the productivity of the ocean could
have decreased during this period, which would also have also
increased density dependent mortality.
PDO is also a cyclic change of ocean temperatures in the North
Pacific Ocean caused by an intensification and eastward migration of

the winter Aleutian Low Pressure System. During such periods storm
tracks are forced northward, bringing more precipitation to Alaska
and less to Oregon and Washington. The most recent PDO cycle, extending from 1977–1999, was characterized by persistent drought in
Washington and Oregon. Also, ocean currents in the North Pacific
Ocean brought warmer waters to the coasts of Oregon, Washington
and Southern British Columbia, which reduced upwelling.
In contrast, when the Aleutian Low Pressure System are weak,
storm tracks are forced southward, bringing more precipitation
to Oregon and Washington. Also, surface waters off the coasts of
Oregon, Washington and Southern British Columbia are cooler,
which increases upwelling.
Thus, the Pacific Northwest (California, Oregon, Washington,
and southern British Columbia) is characterized by either warmdry winters or cool-wet winters that persist for cycles of about 20–
37 years and are called regimes (Mantua et al. 1997) (Figure 14.26).
The relatively quick deviations from a warm (positive) climactic
regime to a cool (negative) one are called regime shifts. Within a
regime there may be temporary shifts back to the opposite phase.
For example, during the negative regime that lasted from 1947–
1976, positive PDO indexes were evident from 1958–1961.
PDO regime shifts affect phytoplankton production (Venrick
et al. 1987), and zooplankton (Wickett 1967; Cooney 1984, 1987,
1988; McFarlane and Beamish 1992; Brodeur and Ware 1992, 1995;
Roemmich and McGowan 1995; Polovina et al. 1995; Brodeur et
al. 1996; Sugimoto and Tadokoro 1997; Cooney and Brodeur 1998;
Hare and Mantua 2000) in the Gulf of Alaska and the California
current off the Pacific Northwest coasts of the United States and
southern Canada. In general, positive PDO cycles are associated
with upwelling in the middle of the North Pacific in the vicinity
of the Alaskan Gyre, whereas negative PDO cycles are associated
with upwelling along the Washington and Oregon coast in the
California Current.
Warm PDO phases are associated with high salmon production
in Alaska and low salmon production off the coast of California,
Oregon and Washington and southern British Columbia
(Figure 14.23). Cool PDO phases are associated with low salmon
production in Alaska, and, relatively high salmon production in
California, Oregon, Washington and southern British Columbia
(Hare and Francis 1995; Beamish and Bouillon 1995; Mantua et al.
1997; Hare et al. 1999; Brodeur et al. 2000). These observations suggested that the North Pacific Ocean has a finite carrying capacity for
producing salmon (Beamish and Bouillon 1993; Pearcy et al. 1999).
Warm PDO regimes favorable to salmon production in Alaska
occurred from 1925–1947 and 1978–1997. Cool PDO regimes favorable to salmon production in California, Oregon, Washington and
southern British Columbia occurred from 1948–1977. Ocean productivity was high in 1998 and survival of juvenile salmonids was high,
so adult returns in 2001 were high. In 2001, 266,536 coho salmon,
971,331 Chinook salmon, 114,934 sockeye salmon, and 633,464 steelhead (total 1,986,265) were counted as they passed through the fish
ladders at Bonneville Dam. This was in contrast to 1995 when 12,036
coho salmon, 240,050 Chinook salmon, 8,744 sockeye salmon and
202,448 steelhead (total 463,278) were counted passing through the
Bonneville ladders following several warm PDO years in which ocean
productivity was poor and survival of juvenile Columbia River salmonids in the ocean was relatively low. Thus, the numbers of salmon
passing Bonneville Dam was about 4.3 times higher in a year with
cool PDO than in a year with warm PDO.
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Figure 14.26 Influence of Pacific Decadal Oscillation Index on salmon production in the Columbia Basin and Alaska. A) Pacific
Decadal Oscillation index number indicates positive and negative cycles that last for approximately 20 years; B) Positive
(warm) PDO index values were associated with good production of salmon in Alaska; C) Negative (cool) PDO index values were associated with good production of salmon in the Columbia River.
In summary:
•

El Niño winters in Washington tend to be warmer
and drier than average; La Niña winters tend to be
cooler and wetter than average.

•

Warm phase PDO winters in Washington tend to be
warmer and drier than average. Cool phase PDO winters tend to be cooler and wetter than average.

•

Combining the effects of ENSO and PDO, when the
two events are in-phase (i.e., an El Niño during warm
phase PDO or La Niña during a cool phase PDO), the
potential for temperature and precipitation extremes
increases.

El Niño and warm PDO conditions were associated with
drought (including below average mountain snowpack, lower than
average runoff and stream flow), and lower than average salmon
returns to the Columbia River. La Niña and cool PDO conditions
were associated with increased precipitation (including above av1004

erage mountain snowpack, above average runoff and stream flow)
and higher than average salmon returns to the Columbia River
(Piechota et al. 1997).
Thus, La Niña and cool phase PDO conditions benefit Columbia
River salmon production in two ways. First, they provide flows that
are needed to speed salmon to the sea, which minimizes predation
and reduces problem with them reaching the ocean before their
osmoregulatory physiology starts to readjust to freshwater. Stream
temperatures during the smolt migration season are also cooler
which reduces predation on salmon by northern pikeminnow,
smallmouth bass and walleye (Petersen and Kichell 2001). Second,
they provide conditions in the ocean that maximizes productivity,
which increases the survival of the fish.
Sharp declines in the abundance of adult salmon returning to the
Columbia followed completion of the last dam on the Snake River in
1975. Since then attention had focused on four dams on the Columbia
River (Bonneville, the Dalles, John Day, and McNary) and four dams
on the Snake River (Ice Harbor, Lower Monumental, Little Goose and
Lower Granite) as being the primary culprits responsible for this de-
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cline (Petrosky et al. 2001). However, this decline may also be attributed to a PDO regime shift from a cool phase to a warm phase that
followed closely on the heels of completion of Lower Granite Dam
in 1977 (Anderson 2000). Thus, it is unclear if additional dams constructed during the 1960s and 1970s or ocean conditions were the primary factor responsible for the decline in Chinook abundance during
1978–1999 (Andersen 2000).
Improvements made to both juvenile and adult passage over
the decades of the 1980s and 1990s, including new smolt bypass
systems and smolt transportation, have increased the run size
of Chinook by a factor of about 2.8, provided that ocean conditions are favorable to survival. Anderson (2000) summed up these
results:
“This interaction of climate has more than historical
significance: by ignoring climate cycles salmon managers
may misinterpret the effectiveness of the recent stock recovery efforts, and in particular they underestimated the
benefit of smolt transportation. Recovery plans for endangered Snake River salmon assumes that the past 20 years
(1978–1998) of salmon migration efforts have been ineffective, since salmon runs have continued to decline. These
plans, to differing degrees, propose to de-emphasize fish
transportation and advocate in-river passage using higher
flows from storage reservoirs, spilling water at dams and
drawing down the reservoir behind the dams to improve
water velocity and [smolt passage through the reservoirs]. The premise is that those actions will mimic natural river conditions that occurred in the past when fish
runs were larger. Whatever the effect of these proposed actions, it is in my opinion, unlikely that they will approach
the benefit of a climactic shift back to the fish favorable
cool/wet regime. Plans that eliminate beneficial programs,
such as fish transportation, will only worsen the present
situation.”

25 (16–44) days (about 22 days migrating to Bonneville Dam and
3 days in the free flowing segment below Bonneville Dam) (Welch
et al. 2009). Survival of the Thompson/Fraser River fish to the
ocean averaged (ranged) 26.5% (2.0–69.9%). Survival of the Snake/
Columbia River fish averaged (ranged) 37.3% (3.8–61.2%) in the impounded section above Bonneville dam. Survival to the ocean was
23.2%. The results indicated that survival of fish in the impounded
Columbia and free-flowing Fraser was comparable, which challenges the notion that dams are a major factor responsible for the
decline in salmon production in the Columbia Basin. Welch et al.
concluded:
“Dam operation clearly had large impacts on the mortality of migrating salmon smolts in the 1960’s and 1970’s
(Raymond 1979, 1988), and changes to the hydropower
system since then have improved survival substantially
(Muir et al, 2001; Ferguson et al. 2007). Our results suggest that survival through the hydropower system has now
increased to levels similar to those experienced in both
the undammed lower Columbia River and in the Fraser
River,” (Welch et al. 2009).
Increased hatchery production will not solve the problems associated with climate change in the ocean. Adding more hatchery fish
will only make this situation worse because it will add more mouths
to feed, resulting in reduced growth and survival. Protecting wild
salmon is probably a more effective strategy for dealing with climate change because it is probable that their genetic traits and life
history adaptations reflect adaptive solutions to changing freshwater and marine environments (Bisbal and McConnaha 1998).

Habitat degradation

From 1991–1995, (during a warm phase of the PDO) the average (range) of salmon and steelhead passing Bonneville Dam was:
258,420 (240,050–277,657) Chinook, 26,042 (12,036–65, 508) coho,
52,614 (8,744–84,992) sockeye, and 228,464 (161,978–314,974) steelhead, for a combined total of 565,539 (440,900–691,168) salmonids.
From 2001–2005, (during a cool phase of the PDO) the average (range) of salmon and steelhead passing Bonneville Dam was:
877,105 (600,301–982,498) Chinook, 140,870 (88,807–66,536) coho,
80, 019 (39, 291–123, 291) sockeye, and 420, 384 (311,122–633, 464)
steelhead for a combined total of 1,334,493 (1,076,800–1,986,265)
salmonids.
Thus, during a cool phase of the PDO, salmon production in the
Upper Columbia averaged 2.4 times higher than in warm phases of
the PDO. These data support Anderson’s argument.
Additional support for Anderson’s view comes from studies that
used miniature acoustic transmitters and PIT tags to determine survival rate of Chinook salmon and steelhead trout smolts migrating
down an undammed river (Fraser/Thompson, British Columbia)
and a river with 8 mainstem dams (Columbia/Snake, Washington)
(Welch et al. 2009). The Thompson River fish migrated a distance
of 340 km in an average (range) of 8 (3–19) days to reach the ocean.
The Snake River fish migrated 516 km through 8 reservoirs and
223 km in the unimpounded portion of the Columbia River below Bonneville Dam to reach the ocean in an average (range) of

Logging, irrigation/agriculture, livestock grazing, mining, and municipal/industrial sewage all have the potential to degrade salmon
spawning and rearing habitat. Prior to development, the vegetated
land surface in the Columbia Basin acted like a sponge to soak up
rain and snow during the winter and spring, and store it below
the surface. This water was released slowly during the summer to
maintain the base discharge of many tributaries. Because this water
was released from subsurface storage, it remained cool throughout
the warm summer months.
Clear-cutting (deforestation), plowing cropland, over-grazing
by sheep and cattle, and mining destroyed vegetative cover and
reduced the capacity to store groundwater. This also reduced base
discharge at the end of the summer. Instead, more water ran off the
land as surface runoff in the winter and spring. This caused erosion (mass wasting) on denuded river banks, which increased the
amount of silt and reduced the quality of salmon spawning habitat. Increased siltation clogged the interstices (spaces between the
gravel) of salmon redds and blocked the flow of oxygenated water
to eggs and alevins, which caused developing embryos to suffocate.
Removing riparian vegetation along river banks reduced shading,
which warmed the rivers, making them less suitable for rearing
cold water adapted species like salmon and trout.
The combined populations of the Pacific Northwest (Idaho,
Oregon, and Washington) increased from about 50,000 in 1860, to
about 256,000 by 1880, 705,000 by 1890, to about a million by 1900,
8.5 million by 1990 and 11.9 million by 2008. This geometric increase
in population growth resulted in increased timber harvest, numbers
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of acres of cropland being irrigated, numbers of cattle being grazed,
mining activity and municipal/industrial pollution. For example, in
1929, about 3.9 million board feet of timber were harvested, whereas, in
1983, about 5.1 billion board feet were harvested in the Columbia Basin
(NPPC 1986). The acres of agricultural lands being irrigated numbered
about 0.5 million acres in 1900, 2.3 million acres by 1910, 2.8 million
acres by 1925, 6.6 million by 1960, and 7.6 million by 1980 (NPCC 1986).
Total amount of water diverted out of streams to irrigate croplands increased from 2.6 million acre-feet in 1947 to 12.2 million acre-feet by
1969, but has leveled off at approximately 11 million acre-feet since then
(owing to improvements in efficiency of irrigation) (NPPC 1986).

Logging
In the early days, rivers were used to transport felled trees. In many
tributaries where timber was being cut “splash” dams were constructed to pond water. Trees were felled and skidded into the pond
until it was completely filled with logs. The dam was then blasted out
using dynamite, driving the logs downstream to sawmills on a surge
of water that resembled a flash flood (Figure 14.27). Water roared
downstream in a roily jumble of logs causing significant erosion of the
bank and scouring the stream bed. This erosive force either hydraulically blasted out salmon redds (in the main channel) or, alternatively,

A

covered them with fine sediments (in backwater areas). Washington
State Fish Commissioner A.C. Little (1901) wrote that this practice had
driven salmon entirely out of certain streams where splash dams were
in constant use. “The cause of this is the action of the water in tearing
up the spawning beds in some places, and in other covering them to a
considerable depth with gravel and sediment.” Sedell et al. (1991) reported that many rivers subjected to splash dams and log drives from
the 1870s to the 1920s were still not fully healed. Netboy (1980) stated;
“When an operator completed logging an area, he left a graveyard of
stumps and broken trees littered with slash. On steep slopes the hillsides
were gashed by the yarding of heavy logs and erosion started with the
first heavy rains, the silt moving into the nearest water to smother fish
eggs.” By the 1940s logging roads replaced rivers as a means of transporting logs. The construction of logging roads caused more severe
erosion and sedimentation than the actual logging operation itself.
One consequence of logging in the Columbia Basin was the loss
of large pool habitat and large woody debris (LWD). Large pools
with woody debris are important because they serve as the rearing
habitat for juvenile salmonids and resting and holding areas for
upstream migrating adults. From 1934–1946, the USFWS surveyed
the habitat available in the Columbia and Snake Rivers and their
tributaries. About 50 years later, the U.S. Forest Service resurveyed
the tributaries and found that the frequency of large pools had de-

B

C

D
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Figure 14.27 A) A clearcut along the Oregon side Columbia
River Gorge with Mount Hood in the background.
Photo copyright by Darryl Lloyd, Long Shadow
Photography, Hood River, OR. Taken May 29,
2013, from Burdoin Mountain, WA; B,C) Splash
dams were used to pond logs. The splash dam was
then blown out with dynamite and the logs surged
downstream on rampaging flood water. B) Shows a
log dam from the upstream side looking downstream. C) Shows the type of log jam created on
the downstream side of the splash dam when it is
blown by dynamite.D) Log drive on the Clearwater
River, Idaho.
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creased by an average (range) of 58% (10–95%) (Sedell and Everest
1991; McIntosh et al. 1994, 2000).

Agriculture/Irrigation
Agriculture impacts on fish included:
•

Stream channelization, i.e., dredging streams, to
make them deeper and straighter through farm fields,
destroyed riparian vegetation and increased sedimentation rates and water temperature.

•

Irrigation diverted water out of stream channels during low flow periods from July to October, at a time
when this water was needed for rearing habitat by
juvenile salmon residing in the streams, and passage
of adults to their natal tributaries. In many cases, so
much water was diverted that it dried up the stream
channel except for standing water in deeper pools.

•

Many irrigation diversion dams were constructed
without fish ladders, which further obstructed adult
fish passage to natal tributaries.

•

Many smolt stage salmon were diverted into
unscreened irrigation canals where they became
stranded and died.

Extensive stream channelization reduced salmonid production
in many areas of the Columbia River, including;
•

The Yakima River and many of its tributaries
(Benton, Kittitas, and Yakima Cos.);

•

The Walla Walla/Touchet Rivers (Walla Walla and
Columbia counties);

•

The Tucannon River and its tributaries (Columbia
and Garfield counties).

Irrigation diverted so much water out of many eastern
Washington streams that it compromised juvenile salmonid
habitat and the ability of adults to make spawning migrations.
The problem was the Washington Department of Ecology
(WDOE) (or its predecessor agencies) began to issue water
rights to irrigators before the minimum flows needed to protect
fishes and other aquatic life had been established. Moreover, the
WDOE over appropriated the water, i.e., issued more water rights
to irrigators than the base flow of the stream at the end of the
summer. Many streams throughout eastern Washington were
over appropriated in this manner. For example, in the Chewack
River, tributary of the Methow River, the average (range) base
flow (1912–1987) was 110 (0–241) CFS in August and 65 (13–230)
CFS in September (Mullan et al. 1992). Estimated water rights
entitled farmers to divert 82 CFS out of the Chewack River during this summer low flow period, which means that in many
years the river discharge was reduced considerably, and in dry
years the river essentially stopped flowing. For example, in 1985,
a severe drought year, irrigation withdrawals took all the water in the Chewack River. Discharge was measured at 0 CFS in
August and 13 CFS in September of that year (Mullan et al. 1992).
In the Okanogan River Basin, the entire flow of many tributaries (e.g. Bonaparte, Chiliwist, Loup Loup and Salmon Creeks) was
diverted for irrigation in 1934–1936 (Bryant and Parkhurst 1950). In
the mainstem and tributaries of the Okanogan River, so much water

was diverted between the outlet of Lake Osoyoos and the mouth,
that this slowed the discharge in the river and allowed stream temperatures to warm into the mid-70°F range, which approached lethal levels for salmon and delayed the upstream migration of sockeye salmon up the Okanogan River by at least three weeks.
Many irrigation storage reservoirs that were constructed on
second order tributaries (e.g., Yakima River) had no fish passage facilities, which were added as an afterthought many years
after the dam was initially constructed. This blocked generations
of adult salmon from reaching their natal spawning tributaries.
Approximately 50% of the spawning habitat for salmon and steelhead in the Columbia Basin was made inaccessible in this manner
(USBOR 1947; USACE 1948; Meinig 1968).
Irrigation withdrawals involved digging ditches and diverting water from streams into them. Few of the early ditches were
screened to keep juvenile fish from entering them. Thousands to
millions of smolts were diverted into unscreened irrigation diversions where they became stranded and died (Cobb 1928; Gregory
and Bisson 1997).
From 1935–1947, the USFWS conducted surveys throughout the
salmon producing areas of the Columbia and Snake River basins
(Rich 1948; Bryant 1949; Parkhurst 1950a, 1950b, 1950c; Parkhurst et
al. 1950). In the Walla Walla River and its tributaries they recorded
63 irrigation diversion dams and 126 irrigation diversions only
seven of which were screened. In the Yakima River and its tributaries, they found 271 irrigation diversions, 72 of which had screens.
They also found 58 diversions (13 screened) in the Wenatchee River
basin, 20 diversions (18 screened) in the Methow River basin, 33
diversions (3 screened) in the Tucannon River and 13 diversions
(1 screened) in Asotin Creek.
Screens have been required for all irrigation diversions since
about 1947 to prevent catastrophic losses of smolts (Figure 14.28).
However, when Swan et al. (1982) randomly checked 206 irrigation diversions throughout the Columbia and Snake River basins
in 1979, 24 (11.7%) had either damaged screens or none at all. This
prompted the Northwest Power Planning Council to spend money
to replace damaged screens in the 1980s and 1990s. Moreover, the
screens were evaluated as to how successful they were in peventing smolts from entering irrigation ditches (e.g. see papers by
Abernathy et al. 1989; Blanton et al. 1998a, 1998b; Chamness 2006,
2007a, 2007b, 2008, 2009, 2011; Chamness et al. 2001, 2006, 2007;
Chamness and Tunnicliffe 2007; Nietzel et al. 1988, 1990a, 1990b,
1990c, 1996).
The Yakima River was the basin most impacted by irrigation
diversions. When settlers first arrived in the Yakima Basin in the
1860s, about 500,000 adult salmon and steelhead migrated annually into the Yakima River (BPA 1986), of which about 160,000
were harvested annually by Indians residing there (Davidson 1953;
Robison 1957; Lavier 1976). By 1905, about 121,000 acres were being irrigated and the numbers of adult fish entering the river had
declined to about 16,000 fish (Lavier 1976). The number of salmon
and steelhead continued to dwindle as the number of irrigated
acres increased to 203,000 by the 1920s and 1930s. The number of
adult salmon and steelhead returning to the Yakima River had declined to about 11,000 fish by that time (BPA 1986).
The cause of this decline was attributed primarily to overharvest by commercial fisherman in the lower Columbia River, and to
the construction of diversion dams without fish ladders and unscreened irrigation diversions in the Yakima Sub-basin. The BOR
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A

Figure 14.28 A) Irrigation ditch
in Columbia Basin
Project Area; B,C)
Screened irrigation
diversion. Screens
were circular structures constructed
with mesh that
prevented salmon
from entering the
irrigation diversion.
They rotated using
either water power
or electricity so that
leaves collecting on
them were passed
through the diversion instead of clogging it and causing a
flood.

B

C

estimated an annual loss of about 5 million salmon and steelhead
smolts that became stranded in irrigation canals in the Yakima
Basin (NPPC 1986). In the 1930s and 1940s many of these problems
were corrected as fish ladders were installed at the dams and many
irrigation diversions were screened. Salmon and steelhead runs into
the Yakima River gradually increased, peaking at 19,000 by the mid
1960s (BPA 1986).
More land was put into agricultural production. By 1985, the
number or acres being irrigated was 545,000 (500,000 by BOR
and 45,000 by private growers). Facilities to support this level of
irrigation included six major irrigation storage reservoirs on the
mainstem, 416 mi of drains, and 30 pumping stations (BPA 1986).
By 1985, only about 3,000 Chinook salmon and steelhead returned
annually to the Yakima River and coho were extinct (BPA 1986).
This irrigated cropland made the Yakima Valley the “fruit
basket of the nation” (BPA 1986). The water was used to irrigate
orchards of apples, apricots, cherries, peaches, pears, vineyards of
grapes, and fields of asparagus, corn, hops, mint, potatoes, sugar
beets, and wheat. In 1981, the economic value from these crops
was estimated to have added $501 million to the Washington
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economy (BPA 1986). This economic growth came at the expense
of salmon and steelhead.
In 1980, the United States Congress enacted the Northwest Power
Planning and Conservation Act (Public Law 96–501). This Act established the Northwest Power Planning Council, and charged it
with developing a program for fish and wildlife restoration in the
Columbia Basin to compensate for losses caused by construction
and operation of hydroelectric dams in the Columbia and Snake
Rivers and their tributaries. Congress also directed that projects
identified by the Council shall be paid for by the BPA via its ratepayer
fund. BPA is a federal agency that oversees the sale of electricity produced by the Federal Columbia River Power System (FCRPS) i.e.,
dams that are operated by federal project operator/regulator agencies (BOR or USACE). The ratepayer fund refers to revenues collected
from hydroelectric ratepayers. As part of their Columbia Basin Fish
and Wildlife Program, NPPC and BPA have made restoration of
anadromous fish runs into the Yakima Basin a high priority.
By 1986 funds from BPA were used to install 11 new fish ladders at diversion dams and 68 new screens in irrigation canals.
Additionally, a central hatchery was constructed to hatch and raise
fish and satellite facilities were constructed on most major tribu-
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taries to acclimate and imprint fish to their stream of release. Traps
to capture returning adults were installed at most irrigation dams.
BPA also funded projects that conserved water and improved
stream flows. BPA funded a project to restore coho salmon in the
Yakima Drainage. These projects have improved returns of adult
salmon and steelhead to the Yakima River. The ten year average
(1998–2007) counts at Prosser Dam (Yakima RKM 75) were 12,928
Chinook, 3,332 coho, and 2,467 steelhead for a combined total of
18,727 anadromous fish (Columbia River Dart, http://www.cbr.
washington.edu/dart/adult.html).

Grazing
In the past uncontrolled livestock grazing was allowed on federal lands
throughout the Columbia Basin. Overgrazing replaced nutritious,

A

deep-rooted vegetation that held the soil with less nutritious, shallowrooted vegetation that released soil, which accelerated soil erosion.
Overgrazing also caused loss of riparian cover, which increased stream
temperatures and mass wasting (sloughing of large sections of river
bank into the creek). Mass wasting increased rates of sedimentation
and changed channel structures (reduced pools) (Beschta 1991, 1997a,
1997b; Platts and Wagstaff 1984; Chaney et al. 1991).
Fish production in ungrazed streams ranged from 2.4 to 5 times
greater than grazed streams (Platts 1981). Watersheds that were intensively grazed suffered decreased groundwater infiltration, which
reduced minimum flows in summer. They also experienced higher
levels of discharge in spring, which increased the amount of stream
bank erosion and sediment rates into streams (Platts 1981; Platts and
Wagstaff 1984).

B

B
C

D

Figure 14.29 A) Stream grazed by cattle; B) Same stream after fencing was installed to exclude cattle and wells were dug to supply water
to drinking troughs for them; C,D) Examples of fenced and unfenced sections of a stream to keep cattle out. In D, the
white line in the middle of the image shows the fence that excludes cattle. Note the extent of riperian vegetation in the
fenced upper area compared to the unfenced lower section
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B

Figure 14.30 A,B) Hydraulic mining using a water canon to blast away places deposits in a creek bed; C) Gold Miner using a rocker cradle;
D) Gold dredge, Sumpter, Oregon; E) Worm-like dredge spoils from gold dredge used at Sumpter, Oregon basically destroyed
the bed of the creek. Figure 14.30 continued on next page.
The Taylor Grazing Act (43 U.S.C 315, et seq) of 1934 required
that land be managed by allotment, which limited the amount of
grazing in a certain parcel to a specific number of cow/calf units
per month. Prior to this the land was considered open range available to anybody’s livestock. More recently, in attempts to reduce
impacts of livestock grazing, stream corridors have been fenced to
keep cattle out, overgrazed riparian zones have been revegetated,
and wells have been dug to water livestock away from riparian
zones (Figure 14.29). This type of work has been accomplished in
Asotin Creek, Tucannon River and other streams in southeastern Washington in Asotin, Columbia, Garfield, and Walla Walla
counties.

1010

Mining
Gold and silver mining contributed in a minor way to destruction
of salmonid habitat. Most of the most productive mines were in
areas upstream of barrier falls that blocked upstream migration of
anadromous salmon. Gold mining removed ore from gravel in river
beds and benches (placer deposits) or from underground mines
(load deposits). Of the two methods, placer mining, was most destructive to stream beds. Placer mining involved the removal of
gold nuggets and fine gold particles from stream bed gravels by
agitation in water using gold pans, sluice boxes or rocker cradles
Figure 14.30a. The water washes out the sand and gravels and settles out the heavier gold deposits. These were the main methods
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C

D

E

Figure 14.30 (Concluded). Gold mining. See caption on page 1012.
employed in the mid-Columbia tributaries in eastern Washington.
In other areas of the Columbia basin more destructive methods
were employed, e.g. hydraulic mining and gold dredging Figure
14.3 A-B. Hydraulic mining stored water at a higher elevation and
piped it to a lower elevation where the pipe was attached to a water
cannon. The water cannon forced this water, under pressure from
the hydraulic head, through a small orifice. This device was used
to blast away placer deposits in the streambeds and banks. Steam
powered gold dredges Figure 14.30 D,E replaced placer mining
from about 1910–1920 in the Boise/Yankee Fork river drainages,
Idaho and the Powder River, near Sumpter, Oregon. A gold dredge
could process 15,000 cubic yards of gravel in a day, which disrupted the stream bottom, leaving a worm-like trail of processed
sediments that was raised above the streambed like a mole hill. The
Sumpter dredge destroyed more than 10 mi of stream bottom in
the Powder River, Oregon in this manner.

Industrial Pollution
Effluents from lumber mills, sewage treatment plants, pulp and
paper mills, aluminum plants, and plutonium reactors were the
primary sources of municipal and industrial pollution (Gregory
and Bisson 1997). Few records were kept that documented pollution in the Columbia Basin. With the exception of sawdust,
no serious effort to regulate pollution was accomplished until
Congress passed the Clean Water Act in 1972. The Clean Water
Act and various measures enacted by the Washington State
Legislature in the Washington Administrative Code (WAC) have
resulted in improvements of municipal and industrial effluents
(Ebel et al. 1989).
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KEY TO FAMILY SALMONIDAE
General Family Characters
Confirm the specimen has these characters before keying to species.
1.

Adipose fin present.

2.

Axillary process present at front base of pelvic fins.

3.

One soft-rayed dorsal fin; other fins only with soft rays.

4.

Pelvic and pectoral fins inserted near ventral midline.

5.

Pelvic fins in abdominal position, inserted underneath
dorsal fin.

6.

Jaws with teeth. Other teeth present on floor and roof
of mouth

7.

Cycloid scales.

8.

No barbels.

adipose fin

axillary process

pelvic fins abdominal
(under or behind dorsal fin)

Dichotomous Key to the Species of the Salmonidae of Eastern Washington

SPECIES

COUPLET

1
A. Long sail-like dorsal fin with ≥17 rays
(Subfamily Thymallinae).

ARCTIC GRAYLING Thymallus arcticus, PAGE 1428
GO TO 2

B. Short dorsal fin with ≤16 rays.

2
A. Large scales (<100 in lateral line row); short upper jaw
(Maxillary bone not reaching point below center of eye);
teeth absent or weakly developed on jaws; mouth slightly
sub-terminal (Subfamily Coregoninae).

GO TO 3

B. Small Scales (>100 in lateral line row); long upper jaw
(Maxillary bone extends beyond point below center of eye);
teeth well developed on jaws and vomer; mouth terminal
(Subfamily Salmoninae).

GO TO 5

3
A. Two flaps between anterior and posterior nares; gill rakers
long with 19–33 (usually >22) on first arch; head concave
between nape and snout (Genus Coregonus)..

LAKE WHITEFISH Coregonus clupeaformis, PAGE 1035

B. One flap between anterior and posterior nares; gill rakers stubby and stout with 9–25 (usually <22) on first arch
(Genus Prosopium).
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GO TO 4

Family Salmonidae

SPECIES

COUPLET

4
A. Snout blunt (head round between nape and snout); <70
lateral line scales.

PYGMY WHITEFISH Prosopium coulterii, PAGE 1044

B. Snout pointed (head convex between nape and snout); >70
lateral line scales.

MOUNTAIN WHITEFISH Prosopium williamsoni, PAGE 1051

5
A. Light spots on dark background; teeth absent on shaft of
vomer (Genus Salvelinus).

GO TO 6
teeth absent
head
shaft

side
view

ventral
view

B. Dark spots on light background; teeth present on shaft of
vomer (Genus Oncorhynchus or Salmo).

GO TO 8
teeth present
head
shaft

side
view

ventral
view

6
A. Vermiculations (worm-like markings) present on back;
leading edges of pectoral, pelvic and anal fins white with
interior black bar.

BROOK TROUT Salvelinus fontinalis, PAGE 1398

pelvic fin
B. Vermiculations absent on back; leading edges of pectoral,
pelvic and anal fins white or translucent without interior
black bar.

GO TO 7

pelvic fin
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SPECIES

COUPLET

7
A. Red, orange, or yellow spots present on sides on body
(white spots may also be present); caudal fin not deeply
forked (length of shortest caudal ray more than half the
longest); prominent crest absent on front of vomer.

BULL TROUT Salvelinus confluentus, PAGE 1376

B. Only white spots present on sides of body; caudal fin deeply
forked (length of shortest caudal ray less than half the longest); prominent crest present on front of vomer.

LAKE TROUT Salvelinus namaycush, PAGE 1412

8
A. Anal fin rays ≥13. Mouth with black or gray pigment on
tongue and gums (Pacific salmon).

GO TO 9

B. Anal fin rays ≤12. Mouth unpigmented, usually white
(Pacific trout, Atlantic salmon and trout).

GO TO 13

9
A. Black spots absent on sides, and caudal fin (but fine black
speckling may be present).

GO TO 10

B. Black spots present on back, sides and caudal fin.

GO TO 11

10
A. Gill rakers on first arch 16–26, short and stout. Breeding
males with streaky black, gray, white and red markings on
sides that resembles paint that has run.

CHUM SALMON Oncorhynchus keta, PAGE 1204

B. Gill rakers on first arch 28–44, long and slender. Breeding
males with brilliant orange or red color on back and sides,
with pronounced kype and often a hump on their back.

SOCKEYE SALMON/KOKANEE

Oncorhynchus nerka, PAGE 1322

11
A. Large oblong black spots on back and sides above the
lateral line and on both lobes of caudal fin. Distinct hump
present in front of dorsal fin in adult males.

PINK SALMON Oncorhynchus gorbuscha, PAGE 1201

B. Small to medium-sized spots, rounded or irregular shaped
in outline, present on back, sides and caudal fin. Hump in
front of dorsal fin absent in adult males.
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GO TO 12

Family Salmonidae

SPECIES

COUPLET

12
A. Small spots on caudal fin confined to superior and posterior
margins of dorsal lobe; interior of mouth has black pigment on
tongue and jaws, but gumlines along base of teeth are white.

COHO SALMON Oncorhynchus kisutch, PAGE 1208

B. Medium-sized spots present on both dorsal and ventral
lobes of caudal fin; interior of mouth (tongue, jaws, gumline
at base of teeth) is uniformly pigmented black.

CHINOOK SALMON Oncorhynchus tshawytscha, PAGE 1332

13
A. Round or irregular shaped black spots on body; not in
haloes (Pacific trout).

GO TO 14

B. + or × shaped black spots, in addition to rounded or irregular shaped black spots. Spots often surrounded by pale
haloes. Red spots sometimes present; caudal fin usually
without spots or with few irregularly spaced spots; large
spots present on operculum (Atlantic salmon and trout).

GO TO 20

14
A. Red, orange or yellow slash marks present in membranous
folds under lower jaw (may be distinct or faint); basibranchial teeth present on hyoid bone (at back of throat
between the gill arches) (Cutthroat trout group).

CUTTHROAT TROUT Oncorhynchus clarkii
GO TO STEP 15 FOR KEY TO VARIETIES.

mandibular teeth
tongue teeth

gill arch
basibranchial removed to show
hyoid region
(hyoid) teeth
A. T. Scholz
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SPECIES

COUPLET
B. Red, orange, or yellow slash marks usually absent in membranous folds under lower jaw (except redband trout may
have faint orange or yellow marks); basibranchial teeth
absent on hyoid bone (except redband trout may have
vestigial hyoid teeth) (Rainbow trout group).

mandibular teeth
tongue teeth
no basibranchial
(hyoid) teeth

RAINBOW TROUT Oncorhynchus mykiss
GO TO STEP 18 FOR KEY TO VARIETIES.

gill arch
removed to show
hyoid region

15
A. Spots present on top of head and distributed more or less
uniformly over entire body (front and back, above and
below lateral line).

GO TO 16

B. Spots absent on top of head and distributed unevenly with
few in the anterior field and almost none below the lateral
line in the anterior field.

GO TO 17

16
A. Spots numerous over entire body, irregular (not rounded)
outline; posterior edges of pelvic, anal and, caudal fins not
fringed in white.

COASTAL CUTTHROAT TROUT

Oncorhynchus clarkii var. clarkii, PAGE 1181
B. Spots absent on top of head and distributed unevenly with
few in the anterior field and almost none below the lateral
line in the anterior field.

LAHONTAN CUTTHROAT TROUT

Oncorhynchus clarkii var. henshawi, PAGE 1184

17
A. Outline of spots rounded or oval; gill rakers 17–23 (usually
20–22). Posterior gill rakers on first arch weakly developed
(0–3).

YELLOWSTONE CUTTHROAT TROUT

Oncorhynchus clarkii var. bouvieri, PAGE 1176
B. Outline of spots irregular (not rounded); gill rakers 17–21
(usually 18–19). Posterior gill rakers on first arch strongly
developed (5–15).

WESTSLOPE CUTTHROAT TROUT

Oncorhynchus clarkii var. lewisi, PAGE 1189

18
A. Sides yellow, copper or gold, with contrasting red or orange
belly; > 170 scales in lateral line row (usually more than 200).

GOLDEN TROUT

Oncorhynchus mykiss var. aquabonita, PAGE 1219
B. Sides not yellow, copper or gold; <170 scales in lateral line
row (usually <160).
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GO TO 19

Family Salmonidae

SPECIES

COUPLET

19
A. Parr marks rounded, supplementary rows above and below
the row along lateral line absent or reduced; tips of dorsal, anal
and pelvic fin not colored different from rest of fin; no vestiges
of basibranchial teeth or cutthroat marks under lower jaw;
teeth on tongue weakly developed.

COASTAL RAINBOW/ STEELHEAD TROUT

Oncorhynchus mykiss var. irideus, PAGE 1256

white to orange marks on dorsal,
anal, and caudal fins absent

tongue teeth
small
vestigial basibranchial teeth absent

parr marks rounded
supplemental parr
marks absent

B. Parr marks elliptical, supplementary rows present above and
below the row along lateral line; tips of dorsal, anal and pelvic
fins different from rest of fin (in white, yellow, or orange pastels); basibranchial teeth and faint traces of cutthroat marks
under jaw present in some individuals; teeth on tongue well
developed.

REDBAND (INTERIOR) RAINBOW/STEELHEAD TROUT
Oncorhynchus mykiss var. gairdneri, PAGE 1223

white to orange marks on dorsal,
anal and caudal fins present

parr marks oval

tongue
teeth large

vestigial basibranchial
teeth present

supplemental parr marks present
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SPECIES

COUPLET

20
A. Caudal peduncle narrow and streamlined. Width at narrowest point about equal to length of base of anal fin. Spots
usually present on both dorsal and ventral lobes of caudal
fin. Caudal fin forked.

ATLANTIC SALMON Salmo salar, PAGE 1354

B. Caudal peduncle thick and stout. Width at narrowest point
longer than length of base of anal fin. Caudal fin square.

GO TO 21

21
A. Black and orange spots often surrounded in pale haloes

BROWN TROUT Salmo trutta, PAGE 1359

B. Vermiculations that resemble tiger stripes or giraffe-like
markings. Present on back and sides.

TIGER TROUT Salvelinus fontinalis, PAGE 1372
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CHAPTER 15
Family Salmonidae (Subfamily Coregoninae): Whitefish

BIOGEOGRAPHY, SYSTEMATICS
AND EVOLUTION
Whitefishes are distinguished as a Subfamily (Coregoninae) within
the Family Salmonidae. Twenty-one species of whitefish occur in North America, 14 belong to Genus Coregonus, 6 to Genus
Prosopium and 1 to Genus Stenodus (Nelson et al. 2004). All are
cold water fishes found in the northern United States and throughout Canada. Several Coregonus species, such as the lake whitefish
C. clupeaformis (Mitchell, 1818), broad whitefish C. nasus (Pallus,
1776) and humpback whitefish C. pidschian (Gmelin, 1789), are large
(600–800 mm TL), well flavored and actively sought by commercial and sport fishermen. Others, such as cisco C. artedi, LaSueur,
1818, bloater C. hoyi (Milner, 1874), kiyi C. kiyi (Koelz, 1921), blackfin cisco C. nigripinnis (Milner, 1874), shortnose cisco C. reighardi
(Koelz, 1924), and least cisco C. sardinella Valenciennes, 1848, are
smaller whitefishes (200–300 mm TL). In the Great Lakes region of
the United States and Canada, they were commercially fished, marketed and sold as “smoked fish”. None of the members of Coregonus
were indigenous to the Columbia River Basin but one species, the
lake whitefish, was introduced into Coeur d’Alene and Pend Oreille
lakes, Idaho and Flathead Lake, Montana by the United States Fish
Commission commencing in the late 1800s and lake whitefish from
Lake Winnipeg, Manitoba were introduced into Okanogan Lake,
British Columbia between 1894 and 1898. From these sources they
have migrated down the Flathead/Clark Fork/ Pend Oreille and
Spokane rivers, and down the Okanogan River, into the Columbia
River. When Franklin D. Roosevelt Lake (Lake Roosevelt), the large,
deep reservoir lake that was inundated between 1939 and 1941 by the
construction of Grand Coulee Dam at Columbia River rkm 954.4,
the new lake extended over 200 km upstream providing ideal habitat
for lake whitefish. Lake whitefish established natural spawning populations within the lake. At present they are a dominant fish in Lake

Roosevelt, comprising about 35% of all fish captured by gill nets. Lake
whitefish have also been pumped from Lake Roosevelt into Banks
Lake where they also established natural spawning populations and
became relatively abundant. Escapees from Banks Lake are occasionally found in other water bodies in the Columbia Basin Project area.
Lake Roosevelt appears to be the source of lake whitefish in all of the
reservoirs of the Columbia River downstream from Grand Coulee
Dam.
In contrast to Coregonus, 5 of the 6 members of Prosopium
were indigenous to the Columbia Basin. These included: Bear Lake
whitefish P. abyssicola (Snyder, 1919), pygmy whitefish P. coulteri
(Eigenmann and Eigenmann, 1892), Bonneville cisco P. gemmifer
(Snyder, 1919), Bonneville whitefish P. spilonotus (Snyder, 1919)
and mountain whitefish P. williamsoni (Girard, 1856). Bear Lake
whitefish, Bonneville whitefish and Bonneville cisco are endemic
to the upper Snake River, occurring principally above Shoshone
Falls. Mountain whitefish occur throughout the Columbia/Snake
system in Washington (Wydoski and Whitney 1979, 2003; Scholz
and McLellan 2009, 2010), Idaho (Simpson and Wallace, 1982),
western Montana ( Brown 1971, Holton and Johnson 1996), western Wyoming (Baxter and Stone 1995) and British Columbia (
Carl et al. 1967; Scott and Crossman 1973). Pygmy whitefish occur in northern Washington (Wydoski and Whitney 1979, 2003;
Hallock and Mongillo 1998; Scholz and McLellan 2009, 2010), the
Idaho Panhandle (Simpson and Wallace 1982), in the Flathead/
Clark Fork and Kootenai River Sub-basins (Columbia Basin) of
northwestern Montana (Brown 1971; Holton and Johnson 1996)
and British Columbia (Carl et al. 1967; Scott and Crossman 1973).
Eschmeyer and Bailey (1955) discovered a disjunct population of
pygmy whitefish in Lake Superior.
Stenodus leuichthyes (Guldenstadt, 1772), the inconnu or sheefish
(Figure 15.1) has a circumpolar distribution. In North America it
occurs principally in the Yukon (drains into the Bering Sea) and
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Figure 15.1

Inconnu or sheefish Stenodus leuichthyes. Illustration by US Fish Commission, US-PD. Colorized by Judy McMillian EWU
Graphics.

McKenzie (drains into the Beaufort Sea/Arctic Ocean) River drainages (McPhail and Lindsey 1971; Mecklenburg et al. 2002). The inconnu is a large whitefish, attaining maximum lengths of 1,250 mm
(Page and Burr 1991) to 1,400 mm TL (Mecklenburg et al 2002).
The 3 species found in the Columbia/Snake Basin of eastern
Washington are distinguished the number of flaps in their nostrils
and the shape of their nape and snout (Figure 15.2). The lake whitefish Coregonus clupeaformis has nostrils with two flaps and a concave
nape. The pygmy whitefish Prosopium coulterii has nostrils with one
flap and a blunt snout. The mountain whitefish Prosopium williamsoni
has nostrils with one flap and a convex nape. Table 15.1 lists some meristic count differences between these species. Evermann and Smith
(1896) recognized that the number of gill rakers on the upper and
lower limbs of the first gill arch was a useful character for diagnosing
whitefish species. The lake whitefish had a total of 19–33 long gill rakers on the first gill arch, seldom fewer than 22, usually a total of 27–29
with 10–11 on the lower limb and 17–18 on the upper limb. In contrast,
mountain whitefish had a total of 18–26 short, stubby gill rakers on
the first arch, with 7–11 on the lower limb and 11–15 on the upper limb.
Pygmy whitefish had a total of 11–20 short, stubby gill rakers on the
first arch, with 3–7 on the lower limb and 8–13 on the upper limb.
Lake whitefish also had more pyloric caeca (n = 140–222) than either
mountain whitefish (n = 50–146) or pygmy whitefish (n = 13–34).
Whitefish fossils are rare. The earliest known whitefish (Stenodus
sp.) is from the Miocene (about 5–6 MYBP) of Siberia (Reshetnikov
1995). The earliest whitefish known from North America is †Prosopium
prolixus from the upper strata of the Miocene/Pliocene Glenn’s Ferry
Formation (Smith 1975, 1981) and the Pliocene Deer Butte Formation
(Taylor 1975). Both of these formations are associated with stable
stages of Miocene/Pliocene Lake Idaho in southwestern Idaho that
dated about 2–5 MYBP. The earliest Coregonus sp. in North America is
Coregonus beringiaensis from the early Quaternary (0.79–2.58 MYBP)
in the Bluefish Basin along the Porcupine River, Yukon Territory,
Canada ( Cumbaa et al. 2002, 2010). Late Pleistocene (< 0.5 MYBP) fossils of Coregonus, Stenodus and Thymallus (Arctic grayling) were discovered in the Old Crow Basin, Yukon Territory (Cumbaa et al. 1981).
Coregonid fishes have undergone extensive adaptive radiation in their recent evolutionary history (Behnke 1972; Hendry
1020

and Stearns 2004). In many north temperate lakes species flocks,
similar to the species flocks of cichlid fishes in African rift valley
lakes, have formed to take advantage of the diversity of ecological
niches found in them (Smith and Todd 1984). Vacant niches were
available because continental glaciation during the Pleistocene
confined North American fishes in glacial refuges. Whitefishes,
being adapted to cold water, were among the first fishes from these
refugia to colonize north temperate lakes when glaciers retreated.
Hence they underwent adaptive radiation to fill many of the vacant
ecological niches available in these lakes.
Considerable information is available from molecular genetic
investigations on C. clupeaformis mitochondrial and nuclear DNA
that indicates the lake whitefish species complex is composed of six
races that diverged as a result of geographic isolation in six different
glacial refuges (Lindsey et al. 1970; Bernatchez and Dodson 1990,
1991, 1992; Bodaly 1991, 1992, 1996; Foote et al. 1992; Bernatchez
et al. 1996. 1999, 2001; Pigeon et al. 1997; Bernatchez and Wilson
1999; Bernatchez 2004; Rogers and Bernatchez 2006). These glacial
refuges were the Atlantic, Acadian, Mississippi, Upper Missouri,
Nahanni (in north British Columbia and southern Yukon) and
Beringia (in the Bering Sea and along the lower reaches of the Yukon
River in Alaska). Post glacial dispersal from these refuges resulted in
several points of intersection where individuals from one of these
refuges made contact with individuals from a different refuge.
Relatively little information is available about the molecular genetics of either P. coulterii or P. williamsoni. Taylor et al. (2011) investigated microsatellite DNA variation in 15 populations of pygmy
whitefish that were residents of cold, deep post glacial lakes in
Alberta and British Columbia that were interconnected to varying
degrees by rivers. The msDNA of each of the populations was different in different watersheds. Within a watershed the msDNA was also
different in each lake but was more similar to lakes in proximity to
each other within the watershed as compared to those farther away,
indicating that limited movement of pygmy whitefish between
lakes occurred. The authors concluded that, “Effective management
of diversity in pygmy whitefish requires maintenance of stream networks that interconnect lakes within a watershed.”
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concave nape

lake whitefish

blunt snout

pygmy whitefish
convex nape

mountain whitefish
Figure 15.2

The three species of whitefish found in eastern Washington: lake whitefish (characterized by a concave nape), pygmy
whitefish (characterized by a blunt snout), and mountain whitefish (characterized by a concave nape). Pygmy whitefish photograph courtesy R.S. Wydoski, USFWS retired, Fort Collins, CO. Lake whitefish photograph courtesy of Casey
Baldwin, WDFW, Wenatchee WA.

Whitley et al. (2004) conducted a genetic analysis of mountain
whitefish and bull trout in the Clark Fork/Flathead River Subbasin (Columbia Basin), Montana. Bull trout, which had small
populations that home with great precision to headwater tributaries
(Scholz et al. 2005) and typically spawn in pairs of mated individuals that bury their eggs in gravel redds, had a great deal of genetic
variability among populations. In contrast, the vast majority of genetic variation in mountain whitefish occurred within populations,
with little differentiation occurring among populations. This was
attributed to large population sizes (Ne) in mountain whitefish relative to bull trout and moderate gene flow among different spawning
groups. Although there is some evidence of homing by mountain
whitefish that have been displaced from their spawning site to a different location in the same season (Liebelt 1970), and that marked

mountain whitefish returned to the same locations within a stream
for spawning and feeding in multiple years (Pettit and Wallace 1975),
Whitely et al.’s (2004) study documented that there was at least
moderate gene flow among different spawning populations in the
Clark Fork/Flathead rivers. Mountain whitefish commonly spawn
in river mainstems or near the mouths of tributaries. They spawn
in aggregations rather than pairs of individuals and broadcast their
eggs over gravel but do not bury them. These behavioral attributes
of mountain whitefish were thought to promote gene flow between
different spawning populations in contrast to the bull trout.
Whitley (2007) investigated the genetics between two morphological variants of mountain whitefish that occur in the Bitterroot River,
Montana and at other locations in the Columbia and Fraser rivers
(Troffe 2000; McPhail and Troffe 2001). One (normal) morph had a
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Table 15.1

Comparison of the morphological characters and meristic counts of lake whitefish, pygmy whitefish and mountain whitefish based on data in Evermann and Smith (1896), Brown (1971), McPhail and Lindsay (1971), Scott and Crossman (1973),
Wydoski and Whitney (1979, 2003) and Simpson and Wallace (1983) and personal observations by the author of fishes
caught in eastern Washington.
Character
# nostrils
nape/snout
branchiostegal rays
gill rakers

pygmy whitefish

mountain whitefish

2 flaps

1 flap

1 flap

nape concave

snout blunt

nape convex

8–10

6–9

7–7 to 10–10

lower limb

10–11

3–7

7–11

upper limb

17–18

8–13

11–15

19–33 (long); seldom < 22

11–20 (short)

19–26 (short)

dorsal

11–13

9–12

11–15

anal

10–14

8–14

10–12

pelvic

11–12

9–11

10–12

pectoral

14–17

13–18

14–18

70–97 (usually 75–90)

50–70 (usually 54–70)

70–90 (usually 74–90)

140–222

13–34

50–146

total
fin ray

lake whitefish

Lateral Line scales
Pyloric Caeca

convex nape and forehead that sloped directly to the snout (Figure
15.3). The second morph (called ‘Pinocchio’) had a convex nape but
a concave forehead just behind the snout and a bulbous protruding
snout (Figure 15.3). Pinocchio mountain whitefish use their protruding
snout to overturn rocks in their search for insect prey (Troffe 2000;
McPhail and Troffe 2001; Whitley 2007). Whitley (2007) found no
genetic variation between the two morphs collected in the Bitterroot
River. Both groups had similar allele frequencies at 7 gene loci (i.e.,
there was no difference in the Hardy-Weinberg Equilibrium between
the two morphs), indicating that assortative mating by phenotype does
not occur. Whitley et al. (2007) did find a difference in the food utilized
between the two morphs, with the Pinocchio morph consuming more
large mayfly nymphs (which hid under rocks) than the normal morph.
Evermann and Smith (1896) compiled a systematic review about
the whitefish of North America. Koelz (1929, 1931) wrote about the
whitefishes of the Great Lakes and eastern North America. Smith
(1957) described the distribution of coregonid fishes in relation to
their evolution. Lindsey and Woods (1970) edited the proceedings of
an international symposium on the biology of coregonid fishes held in
Winnipeg, Manitoba in 1969. Cavender (1970) compared the whitefishes to other salmonids and the earliest known teleosts. Marshall
and Woods (1971) prepared a 63 page (approximately 2,650 references)
bibliography of publications and technical reports about whitefish that
encompassed material published between 1746 and 1970. Reshetnikov
(1995) reviewed the systematics and ecology of the Coregoninae.
Hallock and Mongillo (1998) published a status report on pygmy
whitefish in Washington state.

NATURAL HISTORY
Age, Growth and Reproduction
Lake Whitefish
1022

Maximum lifespan of lake whitefish is 22 to 28 years (Kelcher
1961; Kennedy 1963) but they seldom live more than 10–16 years
(Edsall 1960; Brown 1971; Scott and Crossman 1973; Wydoski and
Whitney 1979, 2003; Simpson and Wallace 1982; Dillion and Taki
1990). In Washington, the oldest lake whitefish that have been aged
by fisheries scientists were ten years old. The largest lake whitefish
reported in the scientific literature, caught in Lake Superior in 1943,
measured 902 mm TL (35.5 in.) and weighed 11.5 kg (25.2 lb) (Van
Oosten 1946). In the same report Van Oosten noted that a commercial fisherman informed him of a 19.1 kg (45 lb) lake whitefish
caught in Lake Superior off Isle Royale in 1918. A lake whitefish that
weighed 10.9 kg (24 lb) was caught in Lake Winnipeg, Manitoba in
1923 (Kelcher 1961). A lake whitefish that weighed 10 kg (22 lb) was
caught in Great Slave Lake, Northwest Territories (Kelcher 1961).
A 28 year old lake whitefish from Great Slave Lake weighed 5.8 kg
(12.75 lb) (Kennedy 1953).
Lake whitefish do not get this big in the Pacific Northwest. Of
5,088 lake whitefish examined in Banks Lake by WDFW biologists
between 2000 and 2006, the largest measured 635 mm (25 in.) and
weighed 2.63 kg (5.8 lbs) (Polacek et al. 2003; Woller et al. 2004;
Rochelle Shipley, WDFW, Ellensburg, WA, pers. comm.). Of 5,177
lake whitefish examined in Lake Roosevelt, from 1988–2007, the
largest measured 701 mm (27.6 in TL) and the heaviest weighed
3.5 kg (7.7 lb) (Peone et al. 1990; Griffith and Scholz 1991; Thatcher
et al. 1995a, 1995b; Underwood and Shields 1996a, 1996b; Cichosz et
al. 1997, 1999; Baldwin et al. 2002, 2005; Baldwin and Woller 2006a,
2006b, 2006c, 2007; McLellan et al. 1998, 1999, 2000, 2003a, 2003b,
2004, 2005,2006, 2007; McLellan and Scholz 2001, 2002, 2003;
Spotts et al. 2002, Lee et al. 2003, 2006; Scofield et al. 2004, 2007;
Fields et al. 2004, Pavlik-Kunkel et al. 2005). Of 619 lake whitefish
examined by USFWS biologists in Lake Roosevelt between 1979
and 1983, the largest measured 632 mm TL (Beckman et al. 1985).
The Washington state angling record is a 686 mm (27.0 in.), 3.0 kg
(6.6 lb) specimen taken in Lake Roosevelt in 1997. The Idaho state
record is a 563 (22.1 in.), 1.6 kg (3.5 lb) specimen taken from Pend
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Normal Morph

Pinocchio Morph

convex nape and
forehead behind snout

convex nape
concave forehead
(behind snout)

bulbous protruding
snout

no bulbous
protrusion
Figure 15.3

Normal and Pinocchio morphs of mountain whitefish that occur in the Columbia and Fraser rivers.

Oreille Lake. The Montana state record was 4.6 kg (10.1 lb) from St.
Mary’s Lake in Glacier National Park.
In Lake Roosevelt, in 1989, average lengths and weights of lake
whitefish (n = 165) were: age 1+ (n = 13, TL = 220, wt = 125 g), age 2+
(n = 5, TL = 822, wt = 327 g), age 3+ (n = 23, TL = 452, wt = 327 g),
age 4+ (n = 85, TL = 520, wt = 1,611 g), age 5+ (n = 33, TL = 523, wt =
1,857 g), age 6+ (n = 6, TL = 544, wt = 1,839 g) (Peone et al. 1990). In
Billy Clapp Lake, lake whitefish that averaged 200 mm TL weighed
93 g. Those averaging 300 mm TL weighed 312 g; and those averaging 400 mm TL weighed 734 g. One individual, 480 mm TL,
weighed 1,049 g (Walton 1983).
Back-calculated total lengths of 941 lake whitefish that have
been aged in Banks Lake and Lake Roosevelt averaged 191 mm
(age 1), 317 mm (age 2), 396 mm (age 3), 447 mm (age 4), 473 mm
(age 5), 511 mm (age 6), 513 mm (age 7), 547 mm (age 8) and 554 mm
(age 9) (Table 15.2). Lake Roosevelt lake whitefish growth declined
from 1979–1983 (Beckman et al. 1985) to 1988/1989 (Peone et al.
1990) to 1999–2004 (McLellan et al. 2003; Lee et al. 2003, 2006;
Scofield et al. 2004; Fields et al. 2004; Pavlik-Kunkel et al. 2005)
(see Table 15.2). This difference may be related to stocking of approximately 1 million kokanee salmon and 250,000 rainbow trout
per year in Lake Roosevelt commencing in 1987. Initially smaller
numbers of kokanee and rainbow trout were stocked and the number was gradually ramped up to these rates by 1999. Prior to these
introductions few planktivorous fishes were present in the lake
to compete with lake whitefish. Also, during this period, a fertilizer plant on the Columbia River in British Columbia shut down
production which reduced nitrogen input into Lake Roosevelt and
changed the trophic state from mesotrophic to oligo-mesotrophic,
which may also have contributed to reduced whitefish growth.
Lake whitefish usually attain sexual maturity at age 3–5 in the
Pacific Northwest (Brown 1971; Simpson and Wallace 1982; Wydoski
and Whitney 1979, 2003). Some precocious males mature at age 2.
Lake whitefish are iteroparous and usually spawn annually after

reaching sexual maturity. Female lake whitefish lost 11% of their
body weight after spawning (Van Oosten 1939). In cold unproductive
northern waters some individuals may spawn every other year or every third year (Scott and Crossman 1973; Marin et al. 1982). Sexually
mature males develop spawning tubercles on their head, cheeks and
body (Qadri 1968; McPhail and Lindsey 1970). In females, spawning
tubercles are weakly developed or absent. In Lake Roosevelt we have
collected ripe, tuberculated males from September to December and
ripe females in November and December.
Lake whitefish typically move onshore to broadcast spawn in
shallow water over a hard-pan bottom composed of pebbles, cobbles, or boulders in October to January at water temperatures below 5°C (Hart 1930; Dumont and Fortin 1978; Nestor and Poe 1984;
Bernatchez and Dodson 1985; Bogout-Ares et al. 1999). Parents
do not construct a redd or exhibit parental care. Eggs are semibuoyant and slightly adhesive, and lodge in crevices or stick to the
bottom substrate. Spawning usually occurs at night (Hart 1930).
In the Great Lakes region they spawn on reefs comprised of
honeycombed limestone or dolomite bedrock covered by a thin
layer of detritus (Becker 1983). Males usually precede females
to the spawning grounds and remain there for the duration of
the spawning season. Females spend less time on the spawning
ground, usually only a few days (just long enough to deposit her
eggs). The most intense spawning activity coincided with the full
moon (Bogout-Ares et al. 1999). Lake whitefish spawning activity
is associated with a fair amount of commotion. Dillion and Taki
(1990) reported, “There have been many observations of fish trashing and jumping completely out of the water during spawning.” See
also Hart (1930) and Scott and Crossman (1973).
Lake whitefish fecundity was proportional to fork length
with individuals producing an average of about 15,000 eggs at
400 mm FL, 25,000 eggs at 450 mm FL, 38,000 eggs at 500 mm FL,
50,000 eggs at 550 mm FL, and 70,000 eggs at 600 mm FL (Scott
and Crossman 1973; Healey and Nicol 1975). Fecundity of four
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Table 15.2

Back-calculated total lengths (mm) of lake whitefish in eastern Washington.
Back-calculated TL (mm) at age
County

Location
1
2
3

Ferry/Lincoln/Stevens
Ferry/Lincoln/Stevens
Ferry/Lincoln/Stevens
4

Grant

Average

n

1

2

3

4

5

6

7

8

9

Lake Roosevelt

619

246

410

480

518

546

559

570

595

594

Lake Roosevelt

165

222

305

409

468

495

524

Lake Roosevelt

77

98

180

258

334

364

443

456

498

513

Banks Lake

80

513

547

554

197

371

435

468

487

518

191

317

396

447

473

511

References: 1Beckman et al. (1985); 2Peone et al. (1990); 3Lee et al. (2003, 2006); McLellan et al. (2003); Scofield et al. (2004), Pavlik-Kunkel et al. (2005);
⁴Woller et al. (2003).

year old lake whitefish in Lake Erie averaged 47,000 eggs and an
eight year old female contained 121,000 eggs (Lawler 1961). In Lake
Erie, lake whitefish produced about 35,420 eggs per kilogram body
weight (Lawler 1961). Lake Erie is a productive (mesotrophic) lake,
so fecundity of lake whitefish is higher there than in less productive oligotrophic lakes with which the species is more commonly
associated. In oligotrophic or mesotrophic lakes fecundity is typically in the range of about 18,000- 22,000 eggs per kilogram body
weight (Milner 1874; Koelz 1929; Bajkov 1930; Hart 1931; Kennedy
1953; Christie 1963; Quadri 1968; Brown 1971; Bidgood 1972; Scott
and Crossman 1973; Healey and Nicol 1975; Wydoski and Whitney
1979, 2003; Simpson and Wallace 1982; Healey and Dietz 1984;
Nelson and Paetz 1992). Healey and Nicol (1975) examined the fecundity of lake whitefish from several (large and small; productive
and non-productive) lakes throughout their range (from Lake Erie
to Great Slave lake near Yellowknife, Northwest Territories). They
found that fecundity was proportional to fork length.
In Lesser Slave Lake, Alberta, average TL and fecundity of the
lake whitefish spawning population was determined over six years
between 1971 and 1979 (Healey and Dietz 1974). During this period the mean length of spawning females varied from 355–374 mm
but mean fecundity varied from 18,433 to 35,801 eggs per female
(Healey and Dietz 1974). There was no relationship between length
and fecundity. Fish averaging 355 mm FL in 1971 contained 18,433
eggs and fish averaging 356 mm FL in 1974 contained 31,958 eggs.
The data suggested that the annual variations in fecundity were
related to annual variations in the productivity of the lake. If so,
the data also indicated that most of the excess energy accumulated
by lake whitefish during years favoring growth went to increasing
fecundity rather than increasing somatic growth.
Lake whitefish eggs are large, 2.3 mm in diameter, when initially
laid and 3.0–3.2 mm in diameter 24 hours later after they water
harden (Hart 1930). Lake whitefish eggs incubate and develop normally over a temperature range of 0.5–8.0°C (Price 1940; Brooke
1975). It took eggs 182 days to hatch at 0.5°C, 120–140 days at 1.7°C,
and 42 days to hatch at 10°C (Price 1940; Carlander 1969; Brooke
1975). At temperatures of 3.2–8.1°C about 70% of the eggs hatched.
At temperatures below 3.2°C or above 8.1°C hatching success
dropped to 6–28% (Brooke 1975). At temperatures >10°C eggs suffered 99% mortality owing to abnormal (accelerated) development
(Price 1940). In nature, less than 10% of fertilized eggs survive to
the fry stage (Nelson and Paetz 1992). The relatively high hatching
rate (70%) suggest that substantial mortality must occur during the
yolk sac fry (alevin) stage. During this period the wriggling alevins
remain in contact with the bottom absorbing their yolk for nour-
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ishment. Their squirming movements are probably highly attractive to benthivorous predators such as sculpins.
Following swimup, lake whitefish larvae in lake Huron formed
aggregations (often mixed aggregations with larvae of other benthic species such as burbot and sculpin) along steeply sloping
shorelines for several weeks, before eventually moving into deeper
water by early summer (Faber 1970; Reckhan 1970).
Since lake whitefish usually spawn in shallow water along
shorelines exposed to wave action and since it usually takes many
months for eggs to hatch in frigid winter temperatures, their reproductive success in reservoirs may be compromised by winter
drawdowns that expose spawning grounds and therefore influence year class strength (Nestor and Poe 1984). In Lake Roosevelt,
lake whitefish spawned in December and January with larvae first
appearing in March (Harper et al. 1981, 1982). The lake is usually
drawn down from January to May to provide winter power production and spring flood control. During this period the lake can
be drawn down by as much as 80 ft (from a surface elevation of
1,290 ft to 1,210 ft above mean sea level) during high run off years.
During average runoff years the lake is drawn down about 50 ft
(to a surface elevation of 1,240 ft above mean sea level). Reservoir
elevations usually remain reasonably high (above 1270 ft msL) until February when the flood control operations commence. The
precise timing is dependant upon the snow pack and runoff forecasts. In years when high runoff is forecast flood control operations
start earlier than in years when low runoff is forecast. Harper et al.
(1982) noted that abundance of lake whitefish larvae was lower in
years with early deep drawdown than in years with late shallow
drawdown. Thus, the timing and extent of drawdown appears to
be an important regulator of year class strength of lake whitefish in
Lake Roosevelt. Harper et al. (1982) estimated that the annual mortality rate of Lake Whitefish, ages 2–9, in lake Roosevelt was 42%.

Pygmy whitefish
Maximum lifespan of pygmy whitefish is nine years (McCart
1965), but few live longer than age 5 or 6. Females (ages 3–9)
live longer than males (ages 3–6). Maximum length reported for
pygmy whitefish was 289 mm (11.4 in.) TL (McCart 1965); however few pygmy whitefish attain lengths exceeding 165 mm, and
the majority range from about 120–145 mm. In Sullivan Lake, Pend
Oreille County pygmy whitefish (n = 5) averaged (ranged) 121 (116–
139) mm TL (Nine and Scholz 2005; Baldwin and McLellan 2005;
McLellan 2005). Total length attained by the end of the growing
season in each year of life back-calculated from scales averaged 49
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Table 15.3

Back-calculated total lengths (mm) of pygmy whitefish in eastern Washington in comparison to two lakes in Montana and
four lakes in British Columbia.
Back-calculated TL (mm) at age

County

Location

n

1

2

3

1

Sullivan Lake, WA

1

44

76

102

2

Sullivan Lake, WA

1

51

111

3

Pend Oreille

Bead, Lake

1

53

91

129

Montana⁴

2 Lakes

54

61

103

123

108

British Columbia⁵

4 Lakes

490

64

91

124

151

49

93

116

Pend Oreille
Pend Oreille

Eastern Washinton Average

4

5

6

7

8

9

162

184

246

250

252

References: 1Nine and Scholz (2005); 2Baldwin and McLellan (2005); 3Rader (2005); ⁴Eschmeyer and Bailey (1954); ⁵McCart (1965).

mm (age 1), 93 mm (age 2) and 116 mm (age 3) in Bead and Sullivan
lakes, Pend Oreille County, WA (Table 15.3).
Pygmy whitefish became sexually mature at age 1–2 (males)
or 2–3 (females) (Weisel et al. 1973). Females were documented to
spawn in consecutive years after reaching maturity (Weisel et al.
1973; Hallock and Mongillo 1998). In Montana, fecundity averaged
(ranged) 1,084 (156–1,136) eggs in females 107–135 mm TL (Weisel
et al. 1973). In Bead Lake, Pend Oreille County, WA a 153 mm, 25 g
female contained 2,271 eggs (Rader 2006).
Pygmy whitefish spawn from October to January across their
range. In Harvey Creek, inlet tributary of Sullivan Lake, Pend Oreille
Co., sexually mature male and female pygmy whitefish were collected in an upstream migration trap in October and November and
spawned out fish were collected in a downstream migration trap
in November and December (McLellan 2003, 2004, 2005). In Lake
Superior, WI; Flathead Lake, MT; and Brooks Lake, AK pygmy whitefish spawned in November and December at temperatures of 4.0°C or
less (Eschmeyer and Baily 1954; Heard and Hartman 1966; Weisel et
al. 1973). Pygmy whitefish typically live in cold deep lakes and migrate
into tributary streams to spawn. Thus they often exhibit an adfluviallike cycle. However, some populations are permanent lake residents
that shoreline spawn (Hallock and Mongillo 1998). Pygmy whitefish
broadcast eggs over gravel, cobble and rubble substrate. Both sexes
develop nuptial tubercles on the top of the head, paired fins and
sometimes on scales above the lateral line (Weisel and Dillion 1954).

Mountain whitefish
Mountain whitefish have a maximum lifespan of 15–16 years, but
typically do not live longer than 8–10 years (Downs et al. 1997;
Fraley and Shepard 2005). A specimen, 443 mm TL, in its 15th
year of life was obtained from Sullivan Lake, Pend Oreille Co. in
2003 (Nine 2005). Sullivan Lake is a very cold, extremely oligotrophic, high elevation, mountain lake. Slow growth rate of mountain whitefish, associated with the low productivity of Sullivan
Lake, may have been a factor contributing to the longevity of this
population.
The current state angler record for mountain whitefish in
Washington, caught in the Columbia River (Benton County) in
1983, measured 686 mm (27.0 in.) TL, and weighed 2.33 kg (5.13
lb); however, mountain whitefish of this size are unusual. I have
examined approximately 2,400 mountain whitefish in eastern
Washington between 1980 and 2011. The largest measured 580 mm
(22.8 in.) TL and the heaviest weighed 1.5 kg (3.3 lb.).

Total lengths (mm) at age of mountain whitefish, back-calculated from scales, at 13 locations in eastern Washington is shown
on Table 15.4. Average length at age was: age 1 (110 mm), age 2
(186 mm), age 3 (247 mm), age 4 (279 mm), age 5 (312 mm), age
6 (328 mm), age 7 (343 mm), and age 8 (363 mm). Few fish older
than eight years have been captured and these were all from slower
growing populations, so examining average growth beyond age 8
does not provide any useful information.
Mean length and weight of eight age classes of mountain whitefish in Box Canyon Reservoir were: age 1+ (n = 6, TL = 138 mm,
wt = 20 g), age 2 (n = 6, TL = 213 mm, wt = 83 g), age 3 (n = 18,
TL = 253 mm, wt = 136 g), age 4 (n = 23, TL = 291 mm, wt = 204 g),
age 5 (n = 12, TL = 312 mm, wt = 253 g), age 6 (n = 12, TL = 329 mm,
wt = 323 g), age 7 (n = 1, TL = 389 mm, wt = 470 g), and age 8 (n = 3,
TL = 394 mm, wt = 479 g) (Ashe and Scholz 1992).
Rogers et al. (1996) developed a standard weight -v- length
equation for 36 populations of mountain whitefish (n = 13,544)
across their entire range. The weight was related to length by the
equation: log10 Ws = -5.086 + 3.036 log10TL, where Ws was weight in
grams and TL was total length in mm.
Mountain whitefish become sexually mature at age 3 or 4
(McHugh 1941; Sigler 1951; McAfee 1966, 1996d). Fecundity of mountain whitefish in Montana varied from 1,426 eggs in a 259 mm TL,
0.17 kg, female, to 24,143 eggs in a 495 mm TL, 1.4 kg female (Brown
1952). In Chamokane Creek, Stevens County, WA, fecundity was estimated at 1,783 in a 264 mm TL, 0.23 kg female and 3,317 in a 314 mm
TL, 0.34 kg female. In the Little Spokane River, Spokane County, WA
fecundity was 2,013 in a 278 mm female.
In eastern Washington, mountain whitefish spawning occurs from October to January. Ripe individuals were collected
in Chamokane Creek, tributary of the Spokane River (Stevens
County) (Barber et al. 1988b; Scholz et al. 1988), Harvey Creek
(tributary of Sullivan Lake (Pend Oreille County) (McLellan 2003,
2004, 2005) and the Hanford Reach of the Columbia River (Gray
and Dauble 1976) during these months.
Both sexes develop minute nuptial tubercles above and below the
lateral line, along the sides of the body and caudal peduncle. The tubercles are difficult to see but easy to feel. Males are festooned with
tubercles which can be detected for about 2 or 3 months. Females have
fewer tubercles which can be detected for about 1 month. Mountain
whitefish made fluvial/ secondary adfluvial migrations from Little
Falls Reservoir (on the Spokane River) into Chamokane Creek during
early to mid October when stream temperatures dropped below 10°C
(50°F). Spawning was observed below Chamokane Falls in Chamokane
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Table 15.4

Back-calculated total lengths (mm) of mountain whitefish in eastern Washington. NR = not recorded. R. = Reservoir.
Back-calculated TL (mm) at age

County

Location

1

n

1

2

3

4

5

6

7

8

9

10

11

12

13

14

Icicle Creek

NR

93

221

268

280

303

315

Ferry2

Kettle River

24

67

138

214

281

293

304

319

Ferry/Lincoln/
Stevens3

Lake Roosevelt

49

109

192

254

317

355

375

357

Lincoln/Stevens4

Little Falls R.

24

118

150

199

240

275

300

Pend Oreille

Boundary R.

35

75

177

248

278

317

324

343

Pend Oreille6

Box Canyon R.

1540

149

206

250

285

341

381

413

435

7

Box Canyon R.

81

76

141

205

243

274

299

353

372

8

Horseshoe Lake

4

118

226

256

Pend Oreille

Sullivan Lake

11

88

123

160

167

198

227

233

258

279

304

338

363

393

413

Spokane10

Little Spokane
River

4

108

151

204

239

Spokane11

Nine Mile R.

9

164

253

304

328

352

Spokane12

Spokane River
(RKM 107–118)

75

177

274

311

340

358

381

Spokane13

Spokane River
(RKM 122–128)

18

130

340

362

370

373

380

Spokane/Stevens14

Long Lake R.

6

312

328

343

363

341

304

338

363

393

413

Chelan

5

Pend Oreille
Pend Oreille

9

Average

67

152

231

261

110

185

246

279

402

385

References: 1Mullan et al. (1992); 2McLellan and Vail (2005); 3Lee (2003, 2006); McLellan (2003); Scofield et al. (2004); Froids et al. (2004); Pavlik-Kunkel
et al. (2005); ⁴Spokane River RKM 46–54 (Heaton 1992); ⁵Pend Oreille River RKM 27.4–55.5 (McLellan 2001); ⁶Pend Oreille River RKM 55.5–145.0
(Ashe and Scholz 1992); ⁷Pend Oreille River 55.5–145.0 (Skillingstad 1993); ⁸McLellan et al. (2005); ⁹Nine and Scholz (2005); 1⁰Scholz, pers. obs.;
11Spokane River RKM 93–103 (McLellan 2003); 12McLellan (2003, 2004); 13O’Connor and McLellan (2008). Length at age data.; 1⁴Spokane River
RKM 54–93 (Scholz, pers. obs.)

Creek on October 15. After spawning they returned immediately to the
reservoir. Few were detected in the creek after November 15.
Gravid female mountain whitefish were collected in the Hanford
Reach of the Columbia River from early November through midDecember. Spawned out females were collected in early February
suggesting that spawning was concentrated from late December
through late January (Gray and Dauble 1976b).
Mountain whitefish made adfluvial migrations between Sullivan
Lake and its principle inlet tributary, Harvey Creek (McLellan
2004). Ripe male and female mountain whitefish (n = 21), 120–
312 mm TL, were caught in the upstream section of a migration
trap maintained by WDFW from 16 November–11 December, 2003.
Some spawned out mountain whitefish (n = 6) were captured in the
downstream trap from 17 November–30 December.
Mountain whitefish are broadcast spawners that do not bury
their eggs (Brown 1952; Scott and Crossman 1973). Brown (1952)
described the spawning behavior in detail. Mountain whitefish lay
adhesive eggs at depths of 0.12–2 m over gravel or rubble substrate.
Eggs laid on 28 October, became eyed by 4 December, and first
hatching began on 4 March, at temperatures ranging from 0–6°C
(Brown 1952). Most fish hatched by 28 March.

Food Habits
Lake Whitefish

1026

Lake whitefish are specialized for feeding in two ways. First,
they have an inferior (nearly subterminal) mouth that is overhung
by the snout, which is an adaptation for feeding off the bottom.
Second, they have 19–33 (seldom fewer than 22) closely spaced,
moderately long gill rakers that are capable of straining medium
sized zooplankton in the water column (Kliewer 1970). Lake whitefish exhibit diel feeding activity with peaks at dusk and dawn.
Juvenile lake whitefish initially consumed zooplankton but
gradually shifted to a more benthivorous diet as they got older
(Reckhan 1970; Scott and Crossman 1973). Adult lake whitefish are
usually bottom feeders (Koelz 1929; Hart 1931; Scott and Crossman
1973). In the Great Lakes region and Canadian prairie provinces
the primary foods of adult lake whitefish were Pontoporeia (an amphipod), fingernail clams, snails, and aquatic insect larvae. Mayfly
nymphs, chironomid larvae, water boatman, and caddisfly larvae
were the main types of insects consumed. Leeches and water mites
were also eaten. If necessary, e.g., when benthic food is in short
supply, adult lake whitefish can become facultative planktivores,
consuming cladocerans, mysids (opossum shrimp), and copepods.
Adult lake whitefish occasionally consumed fish. Types of fish
prey documented in the diet of lake whitefish included sculpin
(Cottidae), stickleback (Gasterosteidae) darters (Etheostominae),
and alwives (Clupeidae) (Scott and Crossman 1973; Becker 1983).
They also eat eggs of their own and other species.
Lake whitefish (n = 41) in Cluculz Lake, British Columbia consumed 27% caddisfly larvae, 16% water fleas (Cladocera), 15% plant
material, 11% snails (Gastropoda), 7% midge larvae and pupae
(Diptera: Tendipedidae = Chironomidae), 6% phantom midge lar-
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vae (Chaoborus) and trace amounts of clams (Bivalva), seed shrimp
(Ostracoda), and scuds (Amphipoda) by stomach volume (McCart
1965). About 18% of the stomach contents were not identifiable.
Polacek et al. (2003) investigated the food habits 171 whitefish
in Banks Lake, Grant County, WA. Prey organisms included 77%
zooplankton (87% of which were Daphnia), 15% insects, 2% snails,
and 6% sculpins.
Predominant food, based on index of relative importance, of
118 lake whitefish (ages 1+ to 6+) collected from Lake Roosevelt in
1989 included Daphnia sp. (28%), followed by chironomid larvae
and pupae (20%), water mites (Arachnida: Hydracarina), the large
cladoceran Leptodora kindtii (7%), and fingernail clams (Bivalva:
Sphaeriidae) (6%) (Peone et al. 1990). Daphnia comprised 84%of
the stomach contents by number, followed by L. kindtii at 5% and
chironomids at 4%. The mean number of Daphnia in an individual stomach was 453 per stomach. Mean numbers of L. kindtii and
chironomids were 29 and 24 per stomach respectively. Daphnia accounted for 17.4% of the diet by weight followed by snails (13.8%),
fingernail clams (10.1%), and Chironomids (7.3%).
Other food items in the diet of these lake whitefish included:
aquatic earth worms (Oligochaeta: Lumbriculidae), small cladocerans (Sida crystallina and Alona affinis), calanoid copepods
(Diaptomus sp. and Epischura sp.), aquatic sow bugs (Isopoda:
Asellidae), seed shrimp (Ostracoda: Cypridae), riffle beetles
(Coleoptera: Elmidae), black flies (Diptera: Simulidae), armored,
spiny crawler and flatheaded mayflies (Ephemeroptera: Baetidae,
Ephemerellidae, and Heptageniidae), water boatman (Hemiptera:
Corixidae), aquatic caterpillars (Lepidoptera: Pyralidae), giant
stoneflies (Plecoptera: Pteronarcyidae), conical case-maker, netspinning, purse case-maker, longhorn and bizarre caddisflies
(Trichoptera: Brachycentridae, Hydropsychidae, Hydroptilidae,
Leptoceridae and Lepidostomatidae), terrestrial insects and orb
(wheel) snails (Gastropoda: Planorbidae) (Peone et al. 1990).
Age 1+ juveniles (n = 12) ate the most Daphnia. Relative abundance of Daphnia in the diet was 98.6% (numerical percent) and
the mean number per stomach was 2,200. One individual had 5,385
Daphnia in its stomach. Age 1+ lake whitefish averaged 15 L. kindtii
and 3 chironomids per stomach. Older lake whitefish consumed
fewer Daphnia but more L. kindtii and chironomids. For example,
age 4+ lake whitefish (n = 65) contained an average 177 Daphnia, 47
L. kindtii and 29 chironomids. Daphnia species consumed by lake
whitefish in Lake Roosevelt included D. galeata mendota, D. pulex,
D. retrocurva, D. schodleri and D. thorata.
Prey items in the diet of lake whitefish (n = 6) collected in Lake
Roosevelt in 1997, based on index of relative importance, included 63%
Daphnia sp., 23% chironomids, 9% spiders (Arachnida: Hydracarina)
and 5% mayflies (Ephemeroptera: Baetidae) (Cichosz et al. 1999).
In 1998, stomachs of lake whitefish ( n= 19) in Lake Roosevelt
contained (by relative importance) 29% Daphnia, 19% chironomid
larvae and pupae, 8% caddisflies, 5% copepods, 5% terrestrial insects, 3% small cladocerans (Bosmina longirostris), 2% seeds, 1%
clams (Sphaeriidae), 1% water boatman (Coleoptera: Corixidae),
riffle beetles (Coleoptera: Elmidae), and (1%) water mites
(Hydracarina) (Spotts et al. 2002).
In 1999, lake whitefish (n = 13) in Lake Roosevelt fed on
Daphnidae (21%), unidentified Cladocera/Copepoda (18%),
and Chironomidae larvae and pupae (15%) based an index of
relative importance (McLellan et al. 2003). They also ate spiders
(Arachnida); black flies (Diptera: Simulidae), two kinds of mayflies

(Ephemeroptera: Baetidae and Heptageniidae); water boatman
(Hemiptera: Corixidae); two kinds of caddisflies (Trichoptera:
Hydropsychidae and Limnephilidae), fingernail clams (Bivalva:
Sphaeriidae), unidentified terrestrial insects and unidentified
fish (McLellan et al. 2003). Round worms (Nemotoda) were also
present in their stomachs. In 2000, the stomachs of lake whitefish
(n = 4) from Lake Roosevelt contained exclusively (>99%) Daphnia
with the exception of one spider (Lee et al. 2003).
In 2002, Lake Roosevelt lake whitefish (n = 6) consumed 82.1%
Daphnia by number (Fields et al. 2004). The lake whitefish also consumed chironomids, mayflies, aquatic caterpillars, and caddisflies. In
2004, Lake Roosevelt lake whitefish (n = 8) consumed 99.1% Daphnia
by number (Lee et al. 2006). Also, these lake whitefish consumed chironomids and crawling water beetles (Coleoptera: Haliplidae).
Lake Roosevelt is the storage reservoir behind Grand Coulee
Dam. The heavy dependence of lake whitefish on zooplankton in
Lake Roosevelt may be related to annual reservoir operations. The
reservoir is drafted an average of 15 m (maximum about 24 m) during winter months for power production and flood control. The
drawdown is so deep that it virtually eliminates the entire littoral
community along the shorelines of the reservoir. Benthic macroinvertebrates are subjected to desiccation during the drawdown
period. Macrophytes that begin to recolonize at the low water
mark are inundated during refill and below the euphotic zone by
the time the reservoir is returned to full pool. Benthic production
does not begin until the reservoir is restored to full pool (elevation
397 m) in July. Soon after periphyton, macrophytes and aquatic insects begin to recolonize the shoreline, the reservoir is drawn down
2.1–3.6 m in August to provide summer flows for salmon in the
lower Columbia River and irrigation water for the Columbia Basin
Project. Thus, benthic production is poor throughout the entire
year (Earnest et al. 1966; Barlow 2002; Black et al. 2003).
Barlow (2002) and Black et al. (2003) conducted a stable isotope assessment of the Lake Roosevelt aquatic food web. Stable
carbon isotopes (C12 and C13) were used to identify carbon fixed
by phytoplankton in the limnetic zone of the lake (normally fixed
at a high ratio of C12 to C13 versus periphyton/macrophytes on the
bottom (benthic zone) of the lake (normally fixed as a low ratio of
C12 to C13). These ratios are “captured” by the primary consumers
that eat these respective primary producers, so limnetically fixed
carbon could be traced from organism to organism as it passed up
the food chain and benthically fixed carbon could be traced as it
passed up the food chain. This analysis revealed that there was almost no benthic carbon production in Lake Roosevelt. Most of the
animal species in Lake Roosevelt had stable isotope signatures that
indicated they relied mainly on limnetic carbon production. Even
fish species that are usually considered obligate benthivores (e.g.
suckers, whitefish, sculpins) collected more than 65% of their carbon from limnetic sources. The signature for lake whitefish indicated that they obtained almost 100% of their carbon from limnetic
sources (Black et al. 2003), suggesting that they fed primarily on
zooplankton living in the water column rather than aquatic insects
living on the bottom.

Pygmy Whitefish
Few studies have been conducted on the food habits of pygmy
whitefish. In Lake Superior, stomachs of 112 pygmy whitefish, 61–
150 mm TL, contained 44% amphipods (principally Pontoporeia),
31 % ostracods, 2% copepods, 9% insect larvae and pupae (princi-
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pally Chironomidae), 3% fingernail clams (Sphaeriidae: Pisidium
sp.) 11% fish eggs (whitefish sp.), and trace amounts of Cladocera
(Daphnia sp), Mysis shrimp, water mites (Hydracarina), beetles
(Coleoptera), flies (Diptera), bugs (Hemiptera) and ants/bees/
wasps (Hymenoptera). Apparently, individual fish tended to consume predominantly one or two types of prey. Individual stomachs contained as many as 285 ostracods, 140 amphipods and 144
copepods.
In four lakes (Cluculz, Maclure, McLeese, and Tacheeda Lakes)
in the central interior (Fraser River Basin) of British Columbia, the
most important food items of pygmy whitefish were cladocerans,
midge larvae and the phantom midge (Chaoborus) (McCart 1965).
Trace amounts of ostracods, amphipods, and bivalve mollusks
were also found in the stomachs.
Food of lake dwelling pygmy whitefish in Alaska was described
by Heard and Hartman (1966) and Bird and Robinson (1979). Two
morphological variants were found within the same lake. One variant had high gill raker counts and fed mainly on zooplankton in
the limnetic zone of the lake; the other had fewer gill rakers and fed
mainly on benthic invertebrates off the bottom.
In Flathead Lake Montana, the food of pygmy whitefish was
mainly chironomids, cladocerans, and copepods (Brown 1971;
Weisel et al. 1973). At some locations in Montana, pygmy whitefish
cannibalized their own eggs (Weisel et al. 1973).
In Lake Chester Morse, King County, Washington, chironomids, small clams, amphipods, and zooplankton were the main
type of prey consumed by pygmy whitefish (cited in Hallock and
Mongillo 1998, and Wydoski and Whitney 2003).
In Sullivan Lake, Pend Oreille County, Washington, the stomach of one pygmy whitefish (116 mm TL; 17 g, age 3 +, collected
in 2003) contained 87 chironomid larvae, pupae and nothing else
(Nine 2005; Nine and Scholz 2005). The wet weight of the chironomids totaled 0.54 mg.
In Bead Lake, Pend Oreille County Washington, the stomach
of one pygmy whitefish (153 mm, 25 g, age 3 +, collected in 2004)
contained 39 chironomid larvae (0.285 mg), 8 chironomid pupae
(0.112 mg), 24 cladocerans (Daphnia sp.) (0.081 mg), 8 ostracods
(0.084 mg), and one water mite (Hydracarina) (0.021 mg) (Rader
2006; Rader et al. 2006). Percentage of chironomids in the diet
were 58.8% by number and 68.1% by weight. Percentage of Daphnia
was 30.0% by number and 13.9% by weight. Ostracods were 10% by
number and 14.4% by weight. Water mites were 1.3% by number
and 3.6% by weight.

Mountain Whitefish
Mountain whitefish feed off the bottom, chiefly on chironomids (midges), Ephemeroptera (mayflies), Plecoptera (stoneflies)
and Trichoptera (caddisflies) (McHugh 1939, 1940; Lasko 1951;
Sigler 1951; Northcote 1957; Calhoun 1966; Brown 1971; Scott and
Crossman 1973; Wydoski and Whitney 1979, 2003; Simpson and
Wallace 1982). In most food habits studies of mountain whitefish
about 5% of the stomach contents is sand and gravel, which is a
good indication that they feed predominantly off the bottom. Scott
and Crossman (1973) and Wydoski and Whitney (1979, 2003) reported that mountain whitefish occasionally consume small fish
(e.g., sculpin or salmon fry), fish eggs (e.g., sockeye salmon eggs)
and freshwater shrimp (amphipods).
Lasko (1951) described the food habits of 261 mountain whitefish from the Yellowstone River, Montana. Samples were collected in
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each season to encompass the entire year. The fish fed about equally
on caddisflies and stoneflies, with midges and mayflies of secondary
importance, and a number of other taxa contributing trace amounts
to the diet. These mountain whitefish consumed: Annelids (worms),
water mites (Hydracarina), midges (Diptera: Chironomidae),
black flies (Diptera: Simulidae), craneflies (Diptera: Tipulidae),
armored mayflies (Ephemeroptera: Baetidae), flatheaded mayflies (Ephemeroptera: Heptageniidae), flying ants (Hymenoptera:
Formicidae), perlodid stoneflies (Plecoptera: Perlodidae), giant
stoneflies (Plecoptera: Pteronarcyidae). Pteronarcys californica
was the dominant stonefly consumed during the spring and summer. Seven families of caddisfly were also eaten: Brachycentridae
(conical case-makers), Glossomatidae (elliptical case-makers),
Hydropsychidae (net spinning caddisflies), Hydroptilidae (purse
case-makers), Leptoceridae (long-horn caddisflies), Psychomiidae
(tube net caddisflies), and Rhyacophilidae (free-living caddisflies).
Gastropods (snails) and fish eggs completed the diet. The fish eggs
were all whitefish eggs found in the stomach of 16 fish during the
fall and winter.
A similar study was conducted on 69 adult mountain whitefish from the Gallatin River, Montana (Lasko 1951). The Gallatin
fish consumed the same prey as the Yellowstone fish, but added to
the above list were trace amounts of millipedes (Diplopoda) and
moths (Lepidoptera). Hydracarina (water mites) were not found in
mountain whitefish stomachs from the Gallatin.
Diet of mountain whitefish in these studies was compared to
that of brown trout and rainbow trout. The two trout species were
surface oriented and fed mainly on prey in the drift whereas the
mountain whitefish were bottom oriented and fed mainly on prey
that were crawling along on the bottom. Trout feeding activity
decreased as water temperature dropped but mountain whitefish
continued to feed actively throughout the winter months. Spatial
and temporal partitioning of food resources may be one of the
reasons why mountain whitefish can coexist with native (indigenous) trout and persist with introduced (nonindigenous) trout.
Mountain whitefish that store energy in somatic growth during
winter may be able to draw upon this stored energy during the
summer when competition with trout increases.
Food of mountain whitefish in the Snake River, Grand Teton
National Park, Wyoming consisted mainly of chironomids and
caddisflies (Pontius and Parker 1973). Six families of caddisflies
(Trichoptera) were consumed: Glossomatidae (elliptical case-makers), Hydropsychidae (net spinners), Hydroptilidae (purse casemakers), Leptoceridae (long-horn caddisflies), Lepidostomatidae
(bizarre caddisflies), and Rhyacophilidae (free living caddisflies). Additionally, small numbers beetles (Coleoptera), black
flies (Diptera: Simulidae), crane flies (Diptera: Tipulidae), three
kinds of mayflies (Ephemeroptera: Baetidae, Ephemerellidae,
and Heptageniidae), water boatman (Hemiptera: Corixidae),
four kinds of stoneflies (Plecoptera: Chloroperlidae, Perlidae,
Perlodidae, Pteronarcyidae) and fish were eaten.
Younger age (smaller sized) mountain whitefish (<230 mm TL)
consumed mostly chironomids, which accounted for about 99% of
the diet by number (Pontius and Parker 1973). Older (large-sized)
mountain whitefish consumed progressively fewer chironomids
(about 80% in 230–330 mm TL fish and 35% in >330 mm TL fish).
They diversified their diet by consuming caddisflies, mayflies,
stoneflies and black flies.
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The three dominant prey items in the diet of mountain whitefish (n = 75) from the Teton River, tributary of the Snake River,
Idaho were midge larvae (Diptera: Chironomidae), purse casemaker caddisflies (Trichoptera: Hydroptilidae), and diving beetles
(Coleoptera: Dytiscidae), which respectively accounted for 51.5%,
17.5% and 10.4% of the numerical percentage of their diet (Pontius
and Parker 1973). Pouch snails (Gastropoda: Physidae), conical
case-maker caddisflies (Trichoptera: Brachycentridae), black flies
(Diptera: Simulidae), and fingernail clams (Bivalva: Sphaeriidae)
were next most abundant at 6.4%, 6.0%, 5.3%, and 1.9% respectively. All remaining food items collectively totaled about 1% and
included crawling water beetles (Coleoptera: Haliplidae), water
boatman (Hemiptera: Corixidae), water mites (Hydrachinellidae)
and earthworms (Lumbriculidae).
Stomachs of 78 mountain whitefish from the Logan River, Utah
contained, by volume, 11% midges (Diptera: Chironomidae), 10%
black flies (Diptera: Simulidae), and 9% mayflies (Ephemeroptera)
(Sigler 1951). Other items in the diets of these fish included annelid worms and several types of Dipterans: net-winged
midges (Blephariceridae), dixid midges (Dixidae), moth flies
(Psychodidae), snipe flies (Rhagionidae), horse/deer flies
(Tabanidae) and crane flies (Tipulidae). Also present were bugs
(Hemiptera), ants/bees/wasps (Hymenoptera), dragonflies/damsel
flies (Odonata), stoneflies (Plecoptera), and six kinds of caddisflies
(Trichoptera) -- net spinning caddisflies (Hydropsychidae), purse
case-maker caddisflies (Hydroptilidae), long horn caddisflies
(Leptoceridae), northern case-maker caddisflies (Limnephilidae),
free living caddisflies (Rhyacophilidae), and bushtailed case-maker
caddisflies (Sericostomatidae). Additionally some mollusks and
organic plant matter were consumed.
Mountain whitefish in the Logan River fed primarily at dusk or
during the night, at which time they rose off the bottom to feed on
drifting organisms (Sigler 1951). This behavior may further reduce
competition with trout that feed throughout the day by a more
subtle temporal partitioning of resources (on a daily as opposed
to seasonal basis).
Mountain whitefish (n = 30) in Cluculz Lake, British Columbia
ate 24% midge larvae (Diptera: Chironomidae), 20% caddisfly
larvae (Trichoptera), 9% leeches (Hirudinea), 8% amphipods, 6%
snails (Gastropoda) by volume (McCart 1965). About 33% of the
stomach contents were not identifiable.
In Okanogan Lake, British Columbia, mountain whitefish
fed extensively on Cladoceran zooplankton (Daphnia sp. and
Leptodora sp.), possibly because bottom fauna were in low abundance (McHugh 1939, 1940).
Planktonic crustaceans and aquatic insects were the predominant prey of 15 mountain whitefish in Priest Lake, Idaho (Bjorn
1957). Daphnia sp. accounted for 55% of the diet by number. Priest
lake mountain whitefish also consumed 4% Hemiptera (bugs), 8%
Hymenoptera (mainly flying ants), 8% Plecoptera (stoneflies), 4%
Trichoptera (caddisflies), 21% unidentifiable insects and a trace of
Leptodora sp. (Cladocera: Leptodoridae).
Food habits of 587 mountain whitefish (age 0–7) were investigated in Box Canyon Reservoir, Pend Oreille River, WA between
1988 and 1990 (Barber et al. 1988, 1989; Ashe et al. 1990; Ashe and
Scholz 1992). Midge larvae and pupae (Diptera: Chironomidae)
comprised 48% of the diet, based on index of relative importance,
and was the main prey of all age classes. Zooplankton (Cladocera:
Daphnidae Chydoridae) were also relatively important prey in the

diet of juvenile (age 0–1) mountain whitefish. Other prey consumed
by all age classes of mountain whitefish in Box Canyon Reservoir
included: aquatic earth worms (Oligochaeta: Lumbriculidae);
water mites (Arachnida: Hydracarina); two kinds of scuds
(Amphipoda: Gammaridae, Talitridae); copepods (Eucopepoda:
Cyclopoida); opossum shrimp (Mysidacea); seed shrimps
(Ostracoda); trout stream beetles (Coleoptera: Amphizoidae),
riffle beetles (Coleoptera: Elmidae); march flies or ‘love bugs’
(Diptera: Bibionidae), phantom midges (Diptera: Chaoboridae),
biting midges, i.e., ‘no-see-ums’ (Diptera: Ceratopogonidae),
dance flies (Diptera: Empididae), house or dung flies (Diptera:
Muscidae), black flies (Diptera: Simulidae), crane flies (Diptera:
Tipulidae); five kinds of mayflies (Ephemeroptera: Baetidae,
Ephemerellidae, Heptageniidae, Leptophlebiidae, Tricorythidae);
aphids (Homoptera: Aphidae); caterpillar larvae (Lepidoptera);
alder flies (Megaloptera: Sialidae); dragon flies and damsel flies
(Odonata: Coenagrionidae, Libellulidae); four kinds of stoneflies
(Plecoptera: Capniidae, Chloroperlidae, Nemouridae, Perlodidae);
11 kinds of caddisfly (Trichoptera), including conical case-makers
(Brachycentridae), elliptical case-makers (Glossomatidae), net
spinners (Hydropsychidae), purse case-makers (Hydroptilidae),
bizarre caddisflies (Lepidostomatidae), long-horn caddisflies
(Leptoceridae), northern case-makers (Limnephilidae), giant casemakers (Phryganeidae), trumpet net caddisflies (Polycentropidae),
tube net caddisflies (Psychomiidae), and free-living caddisflies (Rhyacophilidae); pond snails and orb snails (Gastropoda:
Lymnaeidae, Planorbidae); fingernail clams (Bivalva: Sphaeriidae)
and unidentifiable fish eggs. Round worms (Nemotoda: Naididae)
were also present in their stomachs.
The most important prey (based on index of relative importance) of 78 mountain whitefish ages 0–7, from Box Canyon
Reservoir in 1992 were: midge larvae and pupae (Diptera:
Chironomidae), which accounted for 63% of the diet, and shore
hopper scuds (Amphipoda: Talitridae), which accounted for 9.5%
of the diet (Skillingstad 1993; Skillingstad et al. 1993). Other items
in the diet included: water mites (Arachnida: Hydracarina), water
fleas (Cladocera: Daphnidae, Chydoridae), copepods (Copepoda:
Cyclopoida), crane flies (Diptera: Tipulidae), two kinds of mayflies (Ephemeroptera: Baetidae, Tricorythidae), narrow-winged
damsel flies (Odonata: Coenagrionidae), six kinds of caddisflies (Trichoptera: Brachycentridae, Hydroptilidae, Leptoceridae,
Phryganeidae, Polycentropidae), unidentifiable parts of terrestrial
insects, and pond and orb snails (Gastropoda: Lymnaeidae and
Planorbidae).
The diet of mountain whitefish at LeClerc (n = 4) and Ruby (n = 4)
creeks, tributaries of Box Canyon Reservoir, Pend Oreille River, was
uniform (Ashe and Scholz 1992). Midges/black flies, mayflies and
caddisflies were the dominant prey eaten in both streams. Overall,
each taxa contributed about 30% to the diet. Four kinds of caddisflies
(Brachycentridae, Hydropsychidae, Limnephilidae, Rhyacophilidae)
and two kinds of mayflies (Ephemerellidae, Heptageniidae) were
consumed. Water scavenger beetles (Coleoptera: Hydrophilidae),
water fleas (Cladocera) and moths (Lepidoptera) also contributed to
their diet (Ashe and Scholz 1992).
Mountain whitefish stomachs (n = 3, ages 0, 2 and 3), from
the Spokane River between Nine Mile Falls and Monroe Street
Dams contained, in order of numerical importance, 80.3% midges
(Diptera: Chironomidae), 7.2% crane flies (Diptera: Tipulidae),
and 7.5% caddisflies (Trichoptera: Hydropsychidae) (Kleist 1987).
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Unidentified Diptera (2.3%), mayflies (Ephemeroptera: Baetidae)
(1.4%) and aquatic caterpillars (Lepidoptera: Pyralidae) (1.2%) also
contributed to their diet.
Mountain whitefish (n = 2), collected between RKM 15.5–16.2
on the Little Spokane River, Spokane County Washington, consumed midge pupae (Diptera: Chironomidae), black fly larvae
(Diptera: Simulidae), conical case-maker caddisflies (Trichoptera:
Brachycentridae) and net spinning caddisflies (Trichoptera:
Hydropsychidae) (Hartung and Meier 1995). Each fish stomach
contained approximately 100 organisms but no breakdown was
given regarding relative abundance.
Food habits of 38 adult mountain whitefish in Lake Roosevelt
were determined in 1977 and 1997–2004. In 1977, mountain whitefish (n = 3) consumed exclusively zooplankton (Stober et al. 1977).
In 1997, mountain whitefish (n = 6) in Lake Roosevelt consumed
16% Leptodora kindtii (Cladocera: Leptodoridae), 35% midge larvae and pupae (Diptera: Chironomidae), 8% black flies (Diptera:
Simulidae), 12% armored mayflies (Ephemeroptera: Baetidae), and
4% shore bugs (Hemiptera: Saldidae) based on index of relative
importance (Cichosz et al. 1999). Fish, all suckers (Catostomidae),
and organic detritus rounded out the diet, contributing 18% and
6% of the relative importance respectively.
In 1998 stomach contents of mountain whitefish (n = 6) collected in Lake Roosevelt contained 45% Daphnia sp. (Daphnia pulex
and Daphnia galeata mendota), 4% Leptodora kindtii, 8% copepods
(Eucopepoda: Calanoida, Epischura nevadensis), 13% conical casemaker caddisflies (Trichoptera: Brachycentridae), and 15% northern
case-maker caddisflies (Trichoptera: Limnephilidae) based on index
of relative importance (Spotts et al. 2000). Terrestrial insects, fish
scales and organic detritus also made up a small portion of their diet.
In 1999, mountain whitefish (n = 5) in Lake Roosevelt fed
on 45% Chironomidae (midge) larvae and pupae, 11% mayflies
(Ephemeroptera: Ephemerellidae) (McLellan et al. 2003). They also
consumed rove beetles (Coleoptera: Staphylinidae); dixid midges
(Diptera: Dixidae), black flies (Diptera: Simulidae), two kinds of
caddisflies, net spinners and norther case-makers (Trichoptera:
Hydropsychidae and Limnephilidae), and terrestrial insects
(McLellan et al. 2003).
In 2000, mountain whitefish (n = 4) in Lake Roosevelt consumed mainly pouch snails (Gastropoda: Physidae), other unidentified gastropods (Lee et al. 2003). They also consumed caddisflies
(Trichoptera: Brachycentridae) and a few zooplankton (unidentified Cladocera) (Lee et al. 2003).
In 2002, Lake Roosevelt mountain whitefish (n = 11) consumed
55% Daphnia, 36.1% chironomids, 5.3% black flies, and 1.2% mayflies
based on relative abundance (Scofield et al. 2004). These mountain whitefish also ate small numbers of water scavenger beetles
(Coleoptera: Hydrophilidae), aquatic caterpillars (Lepidoptera:
Pyralidae), caddisflies, and terrestrial insects.
In 2003, one mountain whitefish in Lake Roosevelt consumed
100% Daphnia (Pavlik-Kunkel et al. 2005). In 2004, Lake Roosevelt
mountain whitefish (n = 3) consumed snails (12.5% by number;
66.3% by weight) and isopods (82.5% by number and 33.3% by
weight) (Lee et al. 2006).
Mountain whitefish in Lake Roosevelt appear to have shifted
their diet from zooplankton to other types of organisms between
1977 and 1997. Commencing in 1987, large numbers of planktivorous kokanee salmon and rainbow trout have been planted annually in Lake Roosevelt. Both species are more efficient planktivores
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than mountain whitefish. Zooplankton has constituted the majority of the diet of both species since stocking began (See sections of
kokanee and rainbow trout food habits in Chapter 16 for details).
Mountain whitefish may have shifted its diet to reduce competitive interactions with these species. It is not unusual, when two fish
species that prefer the same type of food are brought into contact,
for the species that is less specialized to switch to a different type
of food. Instead of competing directly, the fish appear to be partitioning resources. Kokanee have 31–44 closely spaced, long gill rakers, rainbow have 16–22 moderately spaced and moderately long
gill rakers and mountain whitefish have 19–26 moderately spaced
but short, stubby gill rakers. Their heavy utilization of zooplankton
prior to the introduction of kokanee and rainbow is probably a testimonial to the abundance of large zooplankton in Lake Roosevelt
and the lack of benthic prey.
Caddisfly larvae and pupae (42 %), fish (10 %) and snails (6%)
were the main prey (by volume) consumed by 25 mountain whitefish, 208–405 mm FL, from the Hanford Reach of the Columbia
River (Gray and Dauble 1976b). Mountain whitefish cannibalized
their own fry. Other items in the stomachs of these mountain whitefish included: round worms (Nematoda), spiders (Arachnida),
midge larvae and pupae (Diptera: Chironomidae), caddisfly larvae
and pupae (Trichoptera), filamentous algae, organic detritus, and
sand and gravel (Gray and Dauble 1976b).
Chapman and Quistorff (1938) examined the stomach contents
of 75 mountain whitefish, 59–246 mm, from the Methow, Entiat,
and Wenatchee Rivers. Only two of the stomachs were empty.
The remainder contained almost exclusively Diptera larvae, mayflies (Ephemeroptera), stoneflies (Plecoptera), and caddisflies
(Trichoptera). The only other item reported was a total of four terrestrial insects.

Behavior and Ecology
Lake Whitefish
The lake whitefish is a strong schooling species (Scott and
Crossman 1973; Becker 1983). They are usually bottom dwelling
benthivores but can become faculative planktivores if benthic food
is limited (see section on food habitats for details).
Thermal requirements of lake whitefish are poorly documented.
Survival and growth of juveniles, held in the laboratory at 5, 10, 15,
18, 21 and 24° C and fed until satiated for 65 days, were determined
by Edsall (1999). Fish survived best (97–98%) at temperatures of
10–18° C. Survival was 88% at 5° C, 93% at 21° C, and 81% at 24° C.
The fish grew best at 18° C. The upper lethal temperature for juvenile lake whitefish was 26.7° C (Edsall and Rottiers 1976).
In lakes in the northern part of their range, where surface temperatures remain cold throughout the short summer, and thermal
stratification is not evident, lake whitefish remained on the bottom at shallow depths (McPhail and Lindsey 1970). In Great Slave
Lake, for example, the greatest catch in gill nets set on the bottom
at varying depths was in those nets set at depth of 10 meters, although some were taken in nets set as deep as 100 meters (Rawson
1951). Johnson (1976) found that lake whitefish inhabiting lakes in
the Northwest Territories were confined to embayments and never
taken in open water.
In thermally stratified lakes in the southern part of their range,
lake whitefish descend into the cooler waters of the thermocline
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or hypolimnion during the summer months (Scott and Crossman
1973). They migrate inshore into shallow water to spawn in late fall
or early winter, and offshore back into deep water after spawning.
They also moved onshore into shallow water in the spring, followed
by offshore movements into cold, deep water as the surface warmed
up (Scott and Crossman 1973). Depths utilized by these whitefish
vary. In Lake Superior, they were commonly found at depths of
18–53 meters and occasionally caught down to depths of 73 meters
(Dryer 1966). Their maximum depth in Lake Superior was 128 meters (Koelz 1929). In Lac la Ronge, Saskatchewan, they were located
at depths of 15–35 m at temperatures of 8–11° C (Quadri 1961). In
shallower lakes, lake whitefish were most abundant in at depths of
15–30 meters (Brown 1971; Wydoski and Whitney 2003). In Lake
Pend Oreille, ID, lake whitefish were collected below 30 meters
(Simpson and Wallace 1982).
Typical habitat of adult lake whitefish is cold, well oxygenated
waters in or below the thermocline of large oligotrophic or mesotrophic lakes. In Lake Pend Oreille, ID, and Flathead Lake, MT, those
are predominant regions where lake whitefish reside. In contrast,
lake whitefish were found at all depths in Banks Lake, Grant County,
WA, in surveys conducted by WDFW (Baldwin and Polacek 2002;
Woller et al. 2003). Banks Lake is the main water storage reservoir
for the Columbia Basin Irrigation Project. Because so much water
flows through Banks Lake (up to 16,000 cfs), the reservoir behaves
more like a river than a lake and thoroughly mixes the water column
so no or little thermal stratification is evident. The water column
temperature remains isothermal and water column dissolved oxygen remains uniform throughout the year (16°C and 8 mg/L during the survey period in September). This uniformity of physical
and chemical habitat probably accounts for the wide distribution of
lake whitefish in Banks Lake. Their capture throughout the water
column was also probably related to relatively low levels of benthic
production causing them to become facultative planktivores. The
morphometry of the lake limits benthic production and forces benthivorous fishes to utilize limnetic food. Analysis of the stomach
contents of 171 lake whitefish collected in the fall of 2002 and spring/
summer of 2003 revealed that Daphnia was the most common item
found during all three collection periods, accounting for 92% (fall
‘02), 66% (spring ‘03), and 54% (summer ‘03) of the stomach contents (Polacek et al. 2003). Moreover, stable isotope analysis indicated that lake whitefish in Banks Lake obtained most of their food
from limnetic rather than benthic sources (Smith 2005).
In Lake Roosevelt, the 122 m deep, 208 km long reservoir of
Grand Coulee Dam, lake whitefish occur throughout the reservoir
at most depths. Near shore (littoral) habitats were surveyed by
Spokane tribe and EWU biologists in 1988–1989 and 1996–2000 using a combination of electrofishing and bottom set gill nets (Peone
et al. 1990; Cichosz et al. 1997, 1999; Spotts et al. 2002; McLellan et
al. 2005; Lee et al. 2006). Of 1,441 lake whitefish captured, the majority (n = 1,306) were taken in gill nets set at depths ranging from
10–15 m but a substantial number (n = 135) were taken by electrofishing in water 0–3 m deep. Offshore (limnetic) habitats were surveyed by WDFW from 1998 and 2004 using a combination of floating gill nets set on the surface or suspended in the water column,
sinking bottom set gill nets and vertical gill nets that fished from
the bottom to near the surface (Baldwin et al. 1999; Baldwin and
Polacek 2002; Baldwin et al. 2005; H. Woller, WDFW, Spokane, WA,
pers. comm.). During these surveys, 608 lake whitefish were collected between 0–110 m in depth. Depth distribution was: 0–10 m

(n = 10, 3.1%), 10–20 m (n = 19, 3.1%), 20–30 m(n = 144, 23.6%), 30–
40 m (n = 257, 42.3%), 40–50 m (n = 123, 20.2%), 50–60 m (n = 34,
5.5%), 60–70 m (n = 7, 1.1%), 70–80 m (n = 3, 0.5%), 80–90 m (n = 0,
0%), 90–100 m (n = 1, 0.2%), 100–110 m (n = 1, 0.2%).
The wide distribution of lake whitefish in Lake Roosevelt can
probably be explained by the observation that thermal stratification is rarely evident. In summer, nearly isothermal conditions
and abundant dissolved oxygen occur at all depths. For example,
in August, temperatures at Seven Bays (middle reservoir) ranged
from about 21°C at the surface to 17°C at 33 m, and dissolved oxygen concentrations ranged from about 10.0 mg/L at the surface
to 10.0 mg/L at 33 m. Thus, macro habitat (i.e., physical/chemical
habitat) for lake whitefish is uniform in Lake Roosevelt.
Benthic production in Lake Roosevelt is nil owing to deep
drafts (12–25 m) of the reservoir for power production and flood
control during the winter months. Consequently, fish that are normally benthivorous must become facultative planktivores if they
are going to survive. A stable isotope analysis conducted by Black
et al. (2003) revealed that lake whitefish in Lake Roosevelt obtain
most (> 99%) of their energy from limnetic, as opposed to benthic
carbon sources. This has been confirmed by food habitat analysis which showed that their diet was comprised of 100% Daphnia
in 1989 (n = 118 stomachs examined) (Peone et al. 1990), 50.6%
Daphnia and 44.9% other cladocera and copepods in 1999 (n = 13
stomachs examined, McLellan et al. 2003) and 100% Daphnia in
2000 (n = 4, stomachs examined) (Lee et al. 2003). Limnetic feeding could account for why lake whitefish were observed in open
waters off the bottom in Lake Roosevelt.
Most lake whitefish are classified as lakeshore spawners.
Occasionally, they are found in large rivers indicating that some
populations may exhibit a fluvial or adfluvial life history strategy.
Lake whitefish with anadromous life history have been documented in brackish waters of Hudson’s and Ungava Bays on the
Arctic coast of Quebec (Scott and Crossman 1973; Morin et al.
1982).
Since lake whitefish usually spawn in open waters of lakes instead of rivers, recapture of marked fish on spawning grounds is
more difficult than recapture of salmon or trout that are concentrated in home streams. Consequently, homing of lake whitefish
to spawning grounds is poorly documented. Radio tracking studies established that adult lake whitefish returned to spawn in the
same location used the previous year (Begout-Anras et al. 1999).
Reproductive isolation (and possibly natal homing) was implied by
protein and msDNA variation evident in lake whitefish that occupied
lakes or rivers within an interconnected drainage basin (Lindsey et
al. 1970; Franzin and Clayton 1977; Bernatchez et al. 1996; Lu and
Bernatchez 1999; Lu et al. 2001). Large lakes, (e.g. Lake Michigan,
Superior and Winnipeg) are known to harbor discrete populations
of lake whitefish that can be identified by distinctive growth characteristics (Mraz 1964; Lawrie and Raher 1973) or different allele
frequencies of muscle enzymes (Imhoff and Booke 1976; Leary
1979; Kristofferson 1978), even though these populations may be
separated by short (<20 km) geographic distances.
Swimming performance of lake whitefish was poor compared
to most salmonids. In respirometry investigations, lake whitefish
exhibited a low metabolic scope for activity and a high net aerobic
cost for swimming (Bernatchez and Dodson 1985). Scope for activity was greater at 5° C than 12° C (Bernatchez and Dodson 1985).
These data suggest that it would be unexpected for lake whitefish
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to make extended spawning migrations. Radio tracking investigations revealed that lake whitefish were capable of sustained swimming over a distance of only about 3 km/day (Begout-Anras et al.
1999).
Tagging studies have demonstrated that lake whitefish are
rather sedentary. In one study conducted in the Apostle Islands
of Lake Superior, over half the recaptures were made within 8 km
(5 miles) of the tagging site; the furthest distance was 40 km
(25 miles) (Dryer 1964). In Lake Michigan, only four of 101 tag recoveries were recaptured more than 40 km from the tagging site
(Smith and Van Oosten 1940). Tagged lake whitefish (n = 5,901)
in Lake Huron were also usually recaptured within about 40 km
of the tagging site (Budd 1957). Those tagged in Georgian Bay
(n = 1,518) on the northeast shore remained continuously within
the bay, although some of them traveled the length of the bay
(120 km) between capture and recapture. Most of the fish tagged in
South Bay, (n = 4,383) a small bay on the north shore were caught
outside of the bay. Three fish initially tagged in South Bay in spring
were recaptured a second time back in South Bay during the next
spring. One fish tagged in South Bay traveled 240 km to the southern shore of Lake Huron.
Major predators of lake whitefish include lake trout, northern
pike, walleye, yellow perch burbot and sea lamprey (Scott and
Crossman 1973). Lake whitefish (up to 279 mm TL) occurred in
25% of all the lake trout stomachs examined over a 29 year period in Lake Opeongo, Ontario (Marin 1970) and comprised 15%
of the diet of lake trout in Lac la Ronge, Saskatchewan (Rawson
1961). Lake whitefish provide at least some forage for lake trout in
Flathead and Whitefish lakes, Montana (Dillion and Taki 1990).
Juvenile lake whitefish were also consumed to a limited extent by
bull trout in Flathead Lake (Dillion and Taki 1990). Their eggs
were consumed by burbot, longnose sucker, and cannibalized by
their own species (Scott and Crossman 1973, Nester and Poe 1984).
Although abundant in both Roosevelt and Banks Lakes, lake
whitefish are generally ignored by eastern Washington anglers. In
various creel surveys conducted at Banks Lake by WDFW from the
1960s to present they have never constituted more than one percent
of the angler harvest (Summarized by Polacek et al. 2003; Woller et
al. 2003). In Lake Roosevelt, creel surveys were conducted annually from 1988 to 2007 (Peone et al. 1990, Griffith and Scholz 1991;
Thatcher et al. 1995a, 1995b; Underwood and Shields 1996, 1997;
Underwood et al. 1996; Cichosz et al. 1997, 1999; Spotts et al. 2002;
McLellan et al. 2003; Lee et al. 2003, 2006; Scofield et al. 2004, 2007;
Fields et al. 2004; Pavlik-Kunkel et al. 2005, 2006). The maximum
number (±95% CI) harvested in any year was 77 (±5) in 2000 (Lee et
al. 2003). In contrast, there is a thriving lake whitefish sport fishery
in Flathead Lake, Montana where anglers target them.
Lake whitefish are delicious when broiled, baked, pan fried, or
smoked. They are recognized as having the most delectable flavor of
any commercial species in the Great Lakes. Whitefish eggs are considered a gourmet delicacy and marketed as caviar. The market value
was $17.00/ kg ($7.75/ lb) in 1979 and $48.40 / kg ($22.00/ lb) in 2007
(http://www.911caviar.com/mvia/merchant.mve/seroon=CTGYACate
gory_code-American-white-fish. Accessed 28 November 2007).
Lake whitefish are difficult to catch with angling gear, so they
contribute minimally to sport fisheries. However, they are an important commercial species throughout North America, taken in
gill nets and pond (trap) nets. Gill net fisheries are highly selective of large, slow growing, heavy individuals. They cause an evo1032

lutionary response in the population by favoring (through artificial
selection) survival of smaller, more rapidly growing individuals
(Hanford et al. 1977). Their populations can be quickly decimated
by overfishing. For example, in Lake Michigan commercial fisherman harvested 5.5 million kg (12 million lb) of lake whitefish in
1880, compared to 682,000 kg (1.5 million lb) in 1922 and 4,182 kg
(9,200 lb) in 1958 (Becker 1983). Their decline was attributed to a
combination of over harvest by commercial fisherman and predation by non indigenous sea lamprey, Petromyzon marinus. Becker
(1983) provided vivid account of the role of lake whitefish in the
economy of the Chippewa Indians on Lake Superior. Koelz (1929)
and Becker (1983) also provided excellent reviews of the exploitation of lake whitefish in the Great Lakes from the time of initial
settlement to modern times.
Lake whitefish in Lake Roosevelt were heavily infested with the
adult worms of the nematode parasite Eustrongylides c.f. tubifex
(Peters 1995). The definitive host for this species is waterfowl that
eat infected fish and defecate cysts into the water. Cysts infect the
first intermediate host, tubifex worms [Annelida (Oligochaeta):
Tubificidae], which are, in turn, eaten by the whitefish (second
intermediate host). Of 244 lake whitefish examined in 1990 and
1991, 46 (19%) were infested with a mean (range) of 7 (1–100)
Eustrongylides (Peters 1995). Humans who eat improperly cooked
fish have experienced inflammation of the stomach and perforation of the intestines, requiring surgical removal of the worms.

Pygmy whitefish
Pygmy whitefish are relicts of the Ice Ages that usually occur
in two types of habitat, either deep, cold waters of oligotrophic
(unproductive) lakes or in deep, fast, cold rivers. WDFW collected
pygmy whitefish at depths of 7–92 meters (23–302 ft.) in lakes of
Eastern Washington (Hallock and Mongillo 1998). McLellan (2003,
2004, 2005) collected spawning pygmy whitefish in Harvey Creek,
an inlet tributary to Sullivan Lake.
In Lake Superior pygmy whitefish were collected at depths of
18–89 m (60–294 ft), but were most common at depths of 55–70
m (180–234 ft) (Eschmeyer and Bailey 1955). In Alaska pygmy
whitefish were collected at depths of 1–168 m (3–554 ft) (Heard and
Hartman 1966). They are usually found in deep water in late spring
to early fall but from late fall to early spring, when surface temperatures are cold, they may be found on the surface (Wydoski and
Whitney 2003). Pygmy whitefish are found where water temperature is ≤50˚F. They are tolerant of fine glacially scoured sediments
and are common in glacial fed lakes and rivers of the Canadian
Rockies that are colored turquoise by “glacial flour”.
Pygmy whitefish were thought to have been widely distributed across North America during the last Ice Age (Wisconsin
Glaciation). Its diminutive size and early maturity are adaptations
that allowed it to survive in cold, deep, unproductive glacial lakes
at the edge of the ice caps, e.g., Glacial Lake Missoula and Glacial
Lake Columbia in front of the Cordilleran ice sheet in the west, or
Glacial Lake Agassiz (the precursor of the Great Lakes) in front
of the Laurentian Ice Sheet in the east. As the glaciers retreated,
scattered remnant populations survived in what remained of these
large lakes. When these lakes were re-invaded by large piscivorous
fish, many pygmy whitefish populations suffered extirpation owing
to predation, which accounts for their patchy modern distribution.
Introduction of large predatory fish into pygmy whitefish lakes by
humans during the past 100 years accelerated their extirpation.
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Pygmy whitefish was classified as a sensitive species in
Washington in 1998 due to its extirpation in six of the 15 lakes that
it was known to occupy (Hallock and Mongillo 1998). At Sullivan
Lake, 13 pygmy whitefish were caught in 21 gill nets set overnight
during 1994 (Hallock and Mongillo 1998). Catch per unit effort
(CPUE) was 0.6 pygmy whitefish per net set and relative abundance
of pygmy whitefish was 17.5% of 74 total fish captured. Thus, Sullivan
Lake was a stronghold for pygmy whitefish in eastern Washington.
Two pygmy whitefish were captured in 119 overnight gill net sets
made at Sullivan Lake by EWU and WDFW in 2003 (Nine and Scholz
2005; Baldwin and McLellan 2005). CPUE was 0.02 pygmy whitefish per net set and relative abundance of pygmy whitefish was 0.3%
of 542 total fish captured. Nine and Scholz (2005) hypothesized that
their decline may be related to the illegal introduction of burbot
in about 1991 (Bonar et al. 2000). Burbot abundance has increased
since that time while pygmy whitefish abundance appears to have
declined. Sullivan Lake does not appear to be the stronghold for
pygmy whitefish that it once was. Pygmy whitefish have become so
rare throughout their former range that WDFW and USFWS should
consider listing them as threatened or endangered.
McLellan (2003, 2004, 2005) collected pygmy whitefish in a
migration trap set in Harvey Creek, an inlet tributary of Sullivan
Lake. Ripe fish were collected in the upstream trap in October and
November. Spent fish were collected in the downstream trap in
November and December. This suggests that some of the pygmy
whitefish residing in Sullivan Lake make adfluvial migrations into
Harvey Creek for the purpose of spawning.
Pygmy whitefish have been found in the stomachs of rainbow
trout and bull trout (Wyman 1975; Simpson and Wallace 1982). At
Lake Chester Morse, King County, WA, approximately 10% of the
bull trout stomachs examined contained pygmy whitefish (Wyman
1975). At Diamond Lake, Pend Oreille County, WA, kingfishers
were observed preying on pygmy whitefish (Snyder 1917).

Mountain whitefish
Mountain whitefish inhabit rivers, large streams, lakes, and
reservoirs. Mountain whitefish were common in Lake Roosevelt
where the mean annual temperature and mean and maximum
temperatures averaged (ranged) 13.3°C (13.0–13.7°C) and 22.1°C
(21.0–23.2°C) respectively at sites in the upper, middle, and lower
reservoir over a six year period of record (2001–2006). Mountain
whitefish were abundant in Box Canyon Reservoir, Pend Oreille
River, where the mean annual temperature averaged about 13–14°C
and maximum annual temperature averaged respectively 23–25°C
for about 30 consecutive days in late July and August. Mountain
whitefish spawning and egg incubation temperatures ranged from
about 2–7°C (35–45°F). Good hatching success was reported at
these temperatures (Brown 1952).
Juvenile mountain whitefish are found in shallow water with
moderate current velocity over sand and cobble substrates. Age
0 mountain whitefish in the upper Yakima and Teanaway rivers,
Kittitas County, WA, resided on the bottom in micro-habitats
ranging from 0.5–1.0 m in depth with focal point velocities of 0.13–
0.55 m/sec (Pearson et al. 2003b). In rivers and large streams adult
mountain whitefish routinely occupy the bottom of deeper pools,
where they are often found in large aggregations.
Mountain whitefish exhibit fidelity to spawning sites. Adults
displaced from their spawning ground in the Yellowstone River,

Wyoming and Montana, returned to it during the same season
(Liebelt 1970). Mountain whitefish in the North Fork Clearwater
River, Idaho repeat spawned in the same tributary in two consecutive
years (Pettit and Wallace 1975). Mountain whitefish are usually rather
sedentary, although spawning migrations ranging up to 170 km (106
mi) round trip have been observed (Pettit and Wallace 1975).
In Box Canyon Reservoir mountain whitefish were found predominantly over gravel bars at the mouths of tributary streams
(Ashe and Scholz 1992) or below Albeni Falls Dam (Geist et al.
2004; Scholz et al. 2005). From 1988 to 1990, 2,036 mountain
whitefish in Box Canyon Reservoir were marked with individually numbered Floy tags (Ashe and Scholz 1992). Of these, 78 were
subsequently recaptured from 1−24 months later: 69 (88.5%) at the
same location where they were originally marked, 5 within 10 km
of the original capture site and 4 greater than 10 km away from the
original capture site (Ashe and Scholz 1992).
From 1990–1991, 3,415 mountain whitefish were tagged with individually numbered floy tags in the Columbia River between the
international border and Keenleyside Dam in British Columbia
(Hildebrand 1991). Of these, 180 were subsequently recaptured:
125 (69.5%) within ±1 km of the original capture site, 42 within
1–2 km, and 13 more than 2 km away from the original capture site
(Hildebrand 1991). The greatest distance traveled by a tagged fish
was 28.3 km (15.8 mi) (Hildebrand 1991). One fish, originally captured on 22 July, 1991, was recaptured on 27 July, 1991 22.4 km (14
mi) upstream from the original capture site. On 25 October 1991 it
was recaptured a second time at the original capture site.
In 1972 and 1973, mountain whitefish tagged with color coded
floy tags in the North Fork Clearwater River, Idaho exhibited fluvial migrations (Pettit and Wallace 1975). Of 791 mature mountain whitefish tagged over a 45 km reach, 53 travelled distances
of 20–82 km into Kelly and Black Canyon creeks. Kelly and Black
Canyon creeks converge to form the headwaters of the North Fork
Clearwater River. Migration occurred in the late spring and summer before water temperature in the North Fork had warmed
up. The fish remained in the coolest headwaters until spawning.
Usually they remained continuously within a pool where they
eventually spawned. After spawning was completed in November,
the fish migrated back downstream distances of 55–88 km to overwinter in deep pools in the lower river above the head of Dworshak
Reservoir.
Mountain whitefish are bottom feeders that consume the eggs
of sockeye salmon, coho salmon and their own species (Forester
1968; Northcote 1973; Scott and Crossman 1973) but, in general,
eggs do not contribute substantially to the nutrition of mountain
whitefish. Sockeye fry were found in the stomachs mountain whitefish in Cultus Lake, British Columbia (Ricker 1941) and prickly
sculpin were found in stomachs of mountain whitefish collected
in Kootenay Lake, British Columbia (Scott and Crossman 1973)
but, in general, fish do not contribute substantially to the nutrition
of mountain whitefish. They primarily consume bottom dwelling
aquatic insects, especially chironomids in streams (see section on
food habits page 1028). In oligotrophic lakes, where benthic insects are often rare, mountain whitefish shift to planktivorous diet
and consume the largest size zooplankton available (see section on
food habits, page 1028). Mountain whitefish are in turn consumed
by a variety of piscivorous fishes including cutthroat trout, rainbow trout, bull trout, lake trout, brown trout, burbot and walleye
(Godfrey 1955; Scott and Crossman 1975; Moyle 1976).
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Although winter fisheries for mountain whitefish occur at
many locations in eastern Washington, notably the Kettle River, the
Hanford Reach of the Columbia River, in the Little Spokane River,
in the Pend Oreille River, and in the Mathew River, it is an underutilized species by anglers in relation to its abundance. Evermann

(1899: 371) noted that Mountain whitefish was “… the sweetest, most
delicious pan fish found in the Rockies and Cascades.” Its flesh has
excellent flavor that is succulent and moist (comparable to kokanee
salmon) when smoked.

KEY TO FAMILY SALMONIDAE (SUBFAMILY COREGONINAE)
General Sub-Family Characters
Confirm the specimen has these characters before keying to species.
1.

Adipose fin present.

2.

Axillary process present at front base of pelvic fins.

3.

Dorsal fin short with ≤16 rays.

4.

Large scales (<100 in lateral line row).

5.

Short upper jaw (maxillary bone not reaching point
below center of eye).

6.

Teeth absent or weakly developed on maxillary bones.

7.

Mouth slightly subterminal.

Dichotomous Key to the Species of the Coregoninae of Eastern Washington

SPECIES

COUPLET

1
A. Two flaps between anterior and posterior nares; head concave between nape and snout.

LAKE WHITEFISH Coregonus clupeaformis, PAGE 1035
GO TO 2

B. One flap between anterior and posterior nares

2
A. Snout blunt (head convex between nape and snout);
<70 lateral line scales.
B. Snout pointed (head convex between nape and snout);
>70 lateral line scales.
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PYGMY WHITEFISH Prosopium coulterii, PAGE 1044

MOUNTAIN WHITEFISH Prosopium williamsoni, PAGE 1051
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Subfamily Coregoninae

LAKE WHITEFISH
Coregonus clupeaformis (Mitchill, 1818)
Primary Identification

Confirming Characters

1.

Adipose fin present. Axillary process present at front
base of pelvic fins.

1.

Two flaps between anterior and posterior nares. (See
Figure 14.1 page 912).

2.

Silvery color with large scales (70–97 in lateral line row).

2.

Mouth slightly subterminal.

3.

Nape concave.

3.

Dorsal rays: 11–13; Anal rays: 10–14.

4.

Gill rakers 19–33 (usually ≥ 22).

4.

Pyloric caeca: 140–222.

concave nape

Figure 15.4

Lake whitefish, Lake Roosevelt, Ferry, Lincoln and Stevens Counties, WA. Photograph courtesy of Casey Baldwin, WDFW,
Wenatchee, WA.

Similar Species
1.

Pronunciation
Coregonus - Co-rē-gō-nus

Pygmy whitefish (page 1044) have distinctly blunt
snout, one flap between anterior and posterior nares,
9–12 dorsal rays, 8–10 anal rays and 54–70 scales in
lateral line row.

2.

Mountain whitefish (page 1051) have a head that is
slightly convex between the nape and snout, one flap
between the anterior and posterior nares, 11–15 dorsal
rays, 10–13 anal rays and 74–98 scales in lateral line row.

3.

Arctic grayling have large scales (70–103 in lateral line
row) like whitefish but are easily distinguished from
them by their long sail-like dorsal fin (16–25 rays).

clupeaformis - clū-pē-ăf-ōrm-is

Common name(s)
Lake whitefish (AFS name); Yáyleks (Colville/Okanogan Indians,
Kennedy and Bouchard 1975, the name means ‘thick nose’); Great
Lakes whitefish; common whitefish; eastern whitefish; humpback
whitefish (Evermann and Smith 1896) ~ this name is presently
reserved by AFS as the common names for Coregonus pidschian
(Gmelin, 1788); common shad salmon (DeKay 1842).

Systematic Notes
Etymology
Coregonus (G.) core- the pupil of the eye; -gon –î, -us, an angle,
i.e. angle-eye
Clupeaformis (L.) clupea = ancient Latin name for herring; (L.)
–form (is) = shape, i.e., herring shaped.

Mitchill (1818: 321) first described the lake whitefish, from specimens collected in a tributary of Lake Huron, as Salmo clupeaformis. Almost simultaneously, LeSueur (1818a: 232) described the
species using a different name, Coregonus albus. Agassiz 1850: 337)
noted the specific epithet clupeaformis was published about two
weeks before albus and thus had priority.
Richardson (1836: 206) described the species as Salmo
(Coregonus) labradoricus. Richardson’s use of subgenus Coregonus
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followed Artedi’s classification of whitefish in Pennants (1785)
Artic Zoology. Dekay (1842: 248) and Cuvier and Valenciennes
(1848: 523) elevated Coregonus to the level of Genus. This classification was adopted by Agassiz (1850:3 36), although Agassiz used
at least three different specific epithets C. clupeiformis (Agassiz
185: 336), C. sapadissimus (Agassiz 1850: 344), and C. latior (Agassiz
1850: 348) to describe the lake whitefish of Lake Superior. Note
Agassiz’s spelling (clupeiformis) as compared to Mitchill’s spelling
(clupeaformis). Agassiz’s spelling was used by most taxonomists
(e.g. Jordan and Gilbert 1883; Evermann and Smith 1896; Jordan
and Evermann 1896–1900), until Hubbs (1926:13) and Jordan,
Evermann and Clark (1930: 64) restored Mitchill’s original spelling.
The lake whitefish is a highly variable morphological species.
In part, this diversity is related to genetic stock structuring where
natural selection of most fit genotypes to local environmental conditions resulted in diverse phenotypic forms. Moreover, the lake
whitefish is also a notoriously plastic species (Lindsey 1981). An
individual’s phenotype characters are influenced by its rearing environment. McPhail and Lindsey (1970) provided an excellent review about how meristic counts of gill rakers were modified when
lake whitefish were transplanted from their donor lake to a recipient
lake, or when progeny of parents from a donor lake reared in captivity had significantly lower gill raker counts than the parents. As
a result, numerous populations of lake whitefish were identified as
distinct species and the taxonomic literature presents a confusing
list of scientific and common names that were later synonymized
with the lake whitefish, including C. kennicotti (Milner 1883: 48), C.
nelsoni (Bean 1884: 48), C. atikameg (Bajkov 1933: 29), C. odonaghuei
(Bajkov 1929).
Jordan and Gilbert (1883) placed C. albus, C. sapidissima and C.
latior in synonymy with C. clupeiformis. Bean (1884) and Evermann
and Smith (1896) attempted taxonomic revisions of the whitefish
but still recognized Richardson’s C. labradoricus and Bean’s C. nelsoni as species. Dymond (1943) recognized that lake whitefish of
Hudson and James Bays C. atikameg was nothing more than an
anadromous variant of the Great Lake whitefish C. clupeaformis.
In the same report Dymond decided that C. odonoghuei was an
ecological variant of C. clupeaformis.
Dymond (1943), McPhail and Lindsey (1970) and Scott and
Crossman (1973) provided excellent reviews of the taxonomy of
lake whitefish. Dymond’s (1943) work encompassed all species of
Coregonus from western North America. McPhail and Lindsey
(1970) recognized a “Coregonus clupeaformis complex” composed
of C. clupeaformis, C. nelsoni (Bean) and C. pidschian (Salmo pidschian of Gmelin 1788)
A dwarf form at lake whitefish occurs in 22 lakes in Maine
where they live in sympatry with the “normal” form of lake whitefish (Fenderson 1964).The dwarf form became sexually mature by
age 1 or 2, seldom living more than 4 years, attained a maximum
length and weight of about 200 mm and 100 g, and had an average (range) of 28–30 (26–35) gill rakers. The normal form became
sexually mature at age 4 and lived for a maximum at 12 years. It
grew faster and attained maximum length > 450 mm and weight
of > 1,000 g. It has an average (range) of 23–25 (21–28) gill rakers.
In lakes where they occur in sympatry dwarf lake whitefish usually
occupy limnetic habitat whereas the normal form occupies benthic
habitat. The two forms are partially reproductively isolated from
one another. The dwarf form usually spawns in early November
at the mouths of, or in, lower reaches of inlet tributaries. The
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adult form usually spawns in late November along the lakeshore.
Fenderson (1964) inferred that, “a partial barrier to gene flow” between the two forms has resulted in genetically distinct populations. Dwarf and normal forms of lake whitefish have also been
reported in Como Lake, Ontario (Bodaly et al. 1991).
McPhail and Lindsey (1970) speculated that lake whitefish became reproductively isolated around the periphery of the
Laurentian ice sheet during successive glacial advances in the
Pleistocene. Natural selection of genetic variants produced adaptations to local environments, which explains why so many phenotypic forms of lake whitefish occur in North America. Following
glaciation, connectivity of some populations may have been reestablished, resulting either in interbreeding (hybrid offspring with
phenotypic characters that are intermediate between the two parent types) or genetic introgression of one form into the other.

Scientific Synonyms
Salmo clupeaformis original description.
Mitchill (1818a: 321).

Coregonus clupeaformis (Mitchill)

Cuvier and Valenciennes (1848: 523); Bean (1884: 37); Fowler
(1911: 551); Jordan and Evermann (1911: 35); Hubbs (1926: 13);
Jordan, Evermann and Clarke (1930: 64); Dymond (1936: 64); ~introduced to Okanagan Lake, BC, circa 1896; McHugh (1939: 39)
~Okanagan Lake, BC; Schultz (1942: 25) ~Glacier Park, MT, planted
in Flathead Lake, MT; Troutman (1957: 78,200; 1981: 235,236);
Symington (1959: 12); Bailey et al. (1960: 11; 1970: 16) Scott and
Crossman (1973: 269; 1998: 269); Morrow (1974: 35; 1980: 38); Gray
and Dauble (1977: 212) ~Hanford Reach Columbia River; Wydoski
and Whitney (1979: 31, 2003: 54), Robins et al. (1980: 18); Simpson
and Wallace (1982: 18); Becker (1983: 335).

Coregonus clupeaformis (Mitchill 1818)

Robins et al. (1991: 27); Nelson et al. (2004: 85); Mecklenburg et al.
(2002: 186); Scholz and McLellan (2009: 163; 2010: 415).

Coregonus clupeiformis (Mitchill)

Jordan (1880: 275); Jordan and Gilbert (1883: 299); Bean (1888: 306);
Evermann and Smith (1896: 297); Jordan and Evermann (1896–
1900: 465); Evermann and Meek (1897: 22) ~introduced to Pend
Oreille Lake, ID in 1889; Evermann and Goldsborough (1907: 100);
Schultz (1929: 45); Clemens (1939: 29) ~introduced to Okanagan
Lake Chapman (1942: 11).

Coregonus (coregonus) clupeaformis

Behnke (1965: 246); Lindsey (1981: 1,498).

Coregonus clupeaformis

Kiel (1928: 119) ~introduced to Pend Oreille Lake, ID; Brown
(1971: 42); Holton and Johnson (1996: 70) Behnke (2002: 339).

Coregonus clupeaformis DeKay

Cuvier and Valenciennes (1848: 523); Agassiz (1850: 339).

Coregonus albus sp. nov.
LeSueur (1818a: 232).

Coregonus albus LeSueur
Günther (1866: 184).

Coergonus sapidissimus sp. nov.

Fishes of Eastern Washington: A Natural History

Subfamily Coregoninae

Agassiz (1850: 344) ~Lake Superior.

Coregonus sapidissimus Agassiz
Günther (1866: 185).

Coregonus latior sp. nov.

Agassiz (1850: 348) ~Lake Superior.

Coregonus latior Agassiz
Günther (1866: 185).

Salmo (Coregonus) labradoricus sp. nov.
Richardson (1836: 206).

Coregonus labradoricus Richardson

Evermann and Smith (1896: 302); Whitehouse (1919: 51) ~ lakes of
northern Alberta.

Coregonus canadensis sp. nov.

Scott (1967: 26); Scott and Crossman (1973: 281). Synonymized this
name with Coregonus clupeaformis.

Coregonus clupeiformis
Dekay (1842: 160, 248).

Coregonus richardsoni sp. nov.
Günther (1866: 185).

Coregonus richardsoni Günther

Evermann and Smith (1896: 295).

Coregonus nelsoni sp. nov.
Bean (1884: 48).

Coregonus atikameg sp. nov.
Bajkov (1933: 29).

Coregonus atikameg Bajkov

Dymond (1943: 192) ~an anadromous variant from Hudson’s Bay
“undoubtedly synonymous with C. clupeaformis”.

Coregonus odonoghuei sp. nov.
Bajkov (1939: 17).

Coregonus odonoghuei Bajkov

Bajkov (1930: 230), Dymond (1943: 192) ~an ecological variant of
C. clupeaformis.

Coregonus kennicotti sp. nov.

Milner (1883: 299 in Jordan and Gilbert 1883).

Coregonus kennicotti Milner

Jordan and Evermann (1896–1900: 464), Evermann and Smith
(1896: 294), Dymond (1943: 180), Scott and Crossman (1973: 277)

Distribution and Stock Status
The lake whitefish has a wide distribution in North America but
was not a native of the Columbia River Basin. Their native distribution corresponded roughly with the Canadian Shield Geologic
Province. Lake whitefish were naturally distributed from northern
New England and the eastern seaboard of Canada, west through
the Great Lakes and Hudson’s Bay regions, the Canadian Prairie
Provinces, Northwest Territories and Yukon. They were also native
to northwestern British Columbia and parts of Alaska. The lake

whitefish occurred in most of the large lakes throughout their native range: (e.g. Lakes Champlain, Ontario, Erie, Huron, Michigan,
Superior, Nipigon (Great Lakes Region), Lake-of-the-Woods,
Lake Winnipeg, and Lac la Ronge, (Canadian Prairie lakes), Great
Slave and Great Bear Lakes (Canadian arctic), and Teslin Lake (in
northern British Columbia). Lake whitefish were present in many
smaller lakes and the anastomosing network of rivers that connected them. Along the arctic coastlines of Quebec, Northwest
Territories and the Yukon, some populations exhibit an anadromous life history (Scott and Crossman 1973). Anadromous forms
enter brackish water but do not venture far out to the sea. Early distribution records were summarized by Bean (1884), Evermann and
Smith (1896), Koelz (1927) for the Great Lakes region and Dymond
(1943) for northwestern North America.
Lake whitefish were indigenous to waters of northern British
Columbia, but not in the Columbia or Fraser River basins
(Dymond 1936, 1943; Clemens 1939; McHugh 1939). Lake whitefish (n = 3,000,000 eggs) were introduced from Lake Winnipeg,
Manitoba into the Columbia Basin in Okanagan Lake sometime
between 1894 and 1898 (probably 1896). Additional plants were
made in Okanagan Lake in 1928 and 1929 (Dymond 1956). In July
1928, 75 specimens of lake whitefish were collected in Okanagan
Lake near Kelowna, British Columbia.
In Alberta, lake whitefish were indigenous to many lakes near
Edmonton and in the northern part of the Province (Whitehouse 1919).
They were also possibly indigenous to Waterton Lake, a transboundry
lake in the southwestern corner of the Province (Schultz 1941). Nelson
and Paetz (1992) reported their occurrence in the Hay, Slave, Peace,
Athabasca and North Saskatchewan watersheds in northern Alberta,
and also in the Red Deer, Bow, Oldman and South Saskatchewan
watersheds in Central and Southern Alberta. The occurrence of lake
whitefish in southern Alberta watersheds, with the possible exception
of the Waterton Lake population, was probably related to their introduction into irrigation storage reservoirs in the headwaters of these
rivers (Nelson and Paetz 1992). Lake whitefish were introduced into
many lakes and reservoirs in south central Alberta.
In the United States, lake whitefish was native to 11 states
(Maine, Vermont, New Hampshire, New York, Pennsylvania,
Ohio, Michigan, Illinois, Wisconsin, Minnesota, and possibly eastern Montana). It was introduced to 12 states outside of its native
range (Iowa, Nebraska, South Dakota, Colorado, Utah, Nevada,
California, western Montana, Idaho, Oregon, and Washington)
(Fuller et al. 1999). In Montana, Lake whitefish were possibly indigenous to lakes that form the headwaters of the South Saskatchewan
River east of the Continental Divide but not in the Columbia River
Basin west of the Divide. In a survey at Glacier National Park, lake
whitefish were ‘common’ in St. Marys, Lower St. Marys, Waterton
and Sherborne lakes east of the Divide, but not collected in Lake
McDonald (headwaters of the Flathead River) west of the Divide
(Schultz 1941). In his checklist of Montana fishes, Henshall (1906)
did not identify lake whitefish as a native species but noted that
lake whitefish from Lake Superior had been planted in Flathead
Lake by the United States Fish Commission. In 1909, 500,000
lake whitefish were stocked in Flathead Lake by the U.S. Bureau
of Fisheries (U.S. Bureau of Fisheries 1910). Thus, as the first observations of lake whitefish in Montana by Schultz (1941) post dated
the first introductions by 30–40 years, a plausible explanation for
their disjunct distribution in the Glacier Park area of northwestern Montana and southwestern Alberta is that lake whitefish from

A. T. Scholz

1037

Chapter 15

Flathead Lake were transplanted by nefarious means into lakes on
the east side of Glacier National Park.
Brown (1971) reported that the lake whitefish had been extensively planted in lakes of western Montana since 1900 and was
established in Flathead, Whitefish, Echo and Blaine lakes in the
Flathead River Drainage (Columbia River Basin). It was also established in Fresno and Nelson reservoirs on the Milk River, a
tributary of the Missouri River, in north central Montana. A distribution map in Holton and Johnson (1996) indicated that lake
whitefish populations were established in Cabinet Gorge and
Noxon Rapids reservoirs in the Clark Fork River. About 5–15 million lake whitefish occupy Flathead Lake, Montana. A commercial
fishery operation, coordinated by Mountain Lakes Fisheries L.L.C.
in Columbia Falls, Montana, currently hires about 60 independent
commercial fisherman in the rod and reel harvest of about 20,000
lbs of lake whitefish per year. Lake whitefish fillets are now served
in fine dining establishments throughout the state of Montana including the lodge restaurants within both Glacier and Yellowstone
National Parks.
In Wyoming, lake whitefish were not reported in an early checklist of Wyoming Fishes (Simon and Simon 1938) or in any edition
of the Wyoming Department of Fish and Game’s Field Guides to
Wyoming Fishes (Simon 1939, 1946, 1951; Baxter and Simon 1970;
Baxter and Stone 1995). Fuller et al. (1999) did not record any introduction of lake whitefish to Wyoming waters.
In Idaho, lake whitefish were first introduced into the Panhandle
region in 1889 by the United States Fish Commission (USFC), when
1.3 million fry were planted in Pend Oreille Lake, 1.93 million fry
were planted in Coeur d’Alene Lake and 200,000 fry were planted
in Hayden Lake. The U.S. Bureau of Fisheries (USBF) sent a team
of limnologists and fisheries biologists to Idaho and Washington
in 1914 (Kemmerer et al. 1924). One of their assigned duties was to
investigate the success of various fish plants made by the Bureau
and its parent agency (the USFC) in these lakes. Kemmerer et al.
(1924) reported that the lake whitefish plants apparently failed to
establish naturally reproducing populations in Coeur d’Alene and
Hayden Lakes since none were caught during gill net surveys in
1914. Lake whitefish were caught during gill net surveys in Lake
Pend Oreille in 1914. State Fish Commissioner, W.M. Keil (1928),
in his Fishes of Idaho, noted that one million Lake whitefish eggs
from Lake Superior were planted in Lake Pend Oreille in 1920 and
since then “numerous specimens” had been harvested by anglers.
Federal stocking records indicate that one million lake whitefish
planted annually in Idaho in 1921, 1922, 1923, and 1930 (Leach 1922,
1923, 1924, 1931). It is probable that all of those were stocked in
Lake Pend Oreille. In 1896 or 1897 lake whitefish (n = 2,940,000
fry and fingerlings) were planted in Bear Lake, southeastern Idaho,
by the USFC (Ravenel 1898; Linder 1963). Simpson and Wallace
(1982) reported that with the exception of those planted in Lake
Pend Oreille, there was “no evidence that any fish from the other
releases survived.” They listed lake whitefish as common in Lake
Pend Oreille.
In Oregon, Lake whitefish were introduced into Klamath
Lake (n = 400,000 fry), Kullaby Lake near Astoria (n = 100,000),
Chetaw Lake in Wasco County (n = 75,000 fry), and Laddis Lake in
Multnomah County (n = 10,000) by the USFC in 1889 (Smith 1896;
Chapman 1942). All of these plants failed to establish naturally reproducing populations (Smith 1896; Chapman 1942). Schultz and
DeLacy (1935/ 1936) did not report lake whitefish in their distribu1038

tion records of fishes from Oregon and Washington. Bond (1973)
did not list lake whitefish in his Keys to Oregon Freshwater Fishes.
Fuller et al. (1999) noted that all attempts to establish lake whitefish
in Oregon had failed. However, lake whitefish have occasionally
been collected in the lower Columbia River reservoirs, where the
river forms the state line between Washington and Oregon.
In Washington, lake whitefish (n = 685,000 fry) were first
planted in three lakes (Lake Washington in King County, Lacamas
Lake in Clark County, and Silver Lake in Cowlitz County) in
western Washington in 1889 (Smith 1896). The latter two locations were in the lower Columbia River Basin (below Bonneville
Dam). From 1900 to 1903, and additional 1,818,945 lake whitefish
fry were stocked into six western Washington lakes (in King and
Pierce counties). Schultz and DeLacy (1935/1936) did not mention
lake whitefish in their fish distribution records for Washington
but Chapman (1942) noted that “very large whitefish” were subsequently taken in Lake Washington and Lake Sammamish, which
are connected to each other by the Sammamish River, indicating
the Lake Washington plants were successful in establishing lake
whitefish in that watershed.
Lake whitefish distribution in eastern Washington is shown
in Figure 15.5 and Table 15.5. Lake whitefish were not reported in
early surveys of eastern Washington (Gilbert and Evermann 1895;
Schultz and DeLacy 1935/1936). There are no records that lake
whitefish were introduced at any location in Eastern Washington
by federal or state agencies.
Federal records include Smith (1896); Dean (1902); Kershaw
(1904); Titcomb (1905); USBF (1907, 1908, 1910, and 1911); Johnson
(1914, 1915, 1917); O’Malley (1917, 1919); Leach (1920, 1922, 1924, 1925,
1926, 1927, 1928, 1929, 1930, 1931, 1932, 1933, 1934); Leach and James
(1934, 1936, 1937, 1938); Leach et al. (1939, 1941, 1942, 1943); James
et al. (1944, 1945); Meehean et al. (1952); Duncan and Meehean
(1953, 1954); Branch of Game Fish Hatcheries (1956); Branch of
Fish Hatcheries (1958, 1960); Hagen and O’Connor (1959); Branch
of Fish Hatcheries (1962); Division of Fish Hatcheries (1964, 1967,
1968, 1970, 1971, 1972a, 1972b, 1973, 1974, 1975); Division of National
Fish Hatcheries (1976, 1979, 1980a, 1980b, 1980c); Division of Fish
Hatcheries and Fishery Resource Managers (1981, 1982, 1983);
Division of Program Operations Fisheries (1989); Jantzen et al.
(1985); Dunkle et al. (1986, 1988, 1989); Turner et al. (1990, 1991,
1992, 1993); Beattie et al. (1994, 1995, 1996); Clark et al. (1997);
USFWS electronic fish stocking data base (1997, 1999, 2000, 2001,
2002, 2003, 2004).
State records include: Crawford (1890, 1891, 1892, 1893, 1894,
1895, 1896, 1897); Little (1898, 1901, 1902); Kershaw (1902, 1904);
Riseland (1907, 1909, 1911, 1913); Darwin (1916a, 1916b, 1917, 1918,
1919, 1920, 1921a, 1921b); Dibble and Kinney (1923); Lalley et al. (1934,
1936); McCauley et al. (1938, 1940, 1942, 1944); Clarke et al. (1947);
Pebbles et al. (1950); Bennington et al. (1952); Biggs et al. (1954,
1955); Bernard et al (1956); Seward et al. (1958); Coffin et al. (1960);
Washington Department of Game (1962, 1964, 1966, 1968); Crouse
(1971, 1972, 1973, 1974, 1975); Larson (1976, 1977, 1978); Lockhard
(1981, 1983); Wayland (1985, 1987); Schmitz (1991); WDFW electronic
fish stocking data base (contains records from 1935–present(2013)).
Whitefish are currently present at numerous locations in eastern Washington (Figure 15.5), including the mainstem reservoirs
of the Columbia River and in irrigation storage reservoirs associated with the Columbia Basin irrigation project. I believe that
their present distribution in eastern Washington is owing to im-
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Figure 15.5

Lake whitefish distribution in eastern Washington.

migration into the region from Pend Oreille Lake Idaho and or
Flathead Lake Montana (where populations were established by
the early 20th Century) via the Flathead, Clark Fork and Pend
Oreille river corridor. The Pend Oreille River joins the Columbia
River at the head of Lake Roosevelt. Lake whitefish have been
steadily increasing in abundance in Lake Roosevelt since Grand
Coulees Dam was completed in 1941 (see below for details). Water
from Lake Roosevelt is pumped though large diameter pipes, into
Banks Lake, which serves as the main distribution reservoir for the
Columbia Basin Project (Stober et al. 1976). From Banks Lake fish
travel through irrigation canals and are distributed into irrigation
storage reservoirs and natural lakes on the Columbia Plateau. Lake
whitefish are one of the many species of fish pumped up from Lake
Roosevelt that are distributed in this fashion.
Lake whitefish are also present in most of the Columbia mainstem reservoirs downstream from Grand Coulee Dam. Owing to
drawdowns for winter power production and flood control, Lake
Roosevelt has limited benthic production; so lake whitefish have

become facultative planktivores (Black et al. 2003). Zooplankton
are concentrated in the forebay of Grand Coulee Dam, so lake
whitefish foraging on zooplankton in the forebay are in a position
to be forcibly evicted from the reservoir by entrainment through
the turbines at Grand Coulee Dam, especially during the period
when the lake is drawn down about 40–80 feet over the winter.
This could account for their distribution in the mainstem reservoirs below Grand Coulee. Lake whitefish originating from the
population established in Okanagan Lake, British Columbia, may
also contribute individuals to the mainstem reservoirs downstream
of Chief Joseph Dam.
In eastern Washington, lake whitefish have been recorded from
Box Canyon Reservoir, Pend Oreille River (Geist et al. 2004; Scholz
et al 2005; Divens and Osborne 2006). In 2004, two lake whitefish,
410–510 mm TL, were collected below Albani Falls Dam (Scholz
et al. 2005) and two, 414–482 mm TL were collected during a reservoir wide survey that captured a total of 15,525 fish (Divens and
Osborne 2006). Lake whitefish (n = 64) were among a 26,991 fish
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Table 15.5

Distribution of lake whitefish in eastern Washington. Records are list alphabetically by county and location. FPC refers to
specimens found by the Fish Passage Center, http://www.fpc.org interrogated in December 2011. UW refers to specimens
in the University of Washington Fish Collection. UMMZ refers to the University of Michigan Museum of Zoology Fish
Collection. (Page 1 of 3.)

County

Location

Reference

Adams

No records found

Asotin

No records found

Benton

Columbia River (John Day Reservoir)

FPC (2011)

Benton

Columbia River (McNary Reservoir)

Nelson (1981); FPC (2011)

Benton

Columbia River (Hanford Reach)

Grey & Dauble (1977)

Chelan

Columbia River (Wanapum Reservoir)

Burley & Poe (1994); Pfiefer et al. (2001)

Chelan

Columbia River (Rock Island Reservoir)

Burley & Poe (1994); FPC (2011)

Chelan

Columbia River (Rocky Reach Reservoir)

Burley & Poe (1994)

Chelan

Columbia River (Wells Reservoir)

Burley & Poe (1994); Kvam et al. (1999)

Columbia

Snake River (Lower Monumental Dam)

FPC (2011)

Douglas

Columbia River (Wanapum Reservoir)

See Chelan County

Douglas

Columbia River (Rock Island Reservoir)

See Chelan County

Douglas

Columbia River (Rocky Reach Reservoir)

See Chelan County

Douglas

Columbia River (Wells Reservoir)

See Chelan County

Douglas

Columbia River (Chief Joseph Reservoir)

Erickson et al. (1977)

Douglas

Equalizing Reservoir near Coulee City

UW 015716 (1956)

Ferry

Columbia River (Grand Coulee Reservoir)

Gangmark & Fulton (1949); UW 118357 (1963); UMMZ UW016547 (1963); Earnest
et al. (1965); Stober et al. (1977); Harper et al. (1981); Nigro et al. (1982, 1983);
Beckman et al. (1985); Peone et al. (1991); Griffin and Scholz (1992); Thatcher et al.
(1993, 1996); Underwood & Shields (1996, 1997); Underwood et al. (1996); Cichosz
et al. (!997, 1999); LeCaire (1999, 2000); Devore et al. (2000); McLellan et al. (2001,
2003, 2005, 2006, 2007, 2008, 2009); McLellan & Scholz (2001, 2002, 2003, 2004);
Miller (2001); Baldwin and Polacek (2002); Spotts et al. (2002); Lee et al. (2003, 2006,
2010); WDFW-FWIN (@003, 2004, 2005, 2006, 2007, 2008, 2009, 2010, 2011); Fields
et al. (2004); Scofield et al (2004, 2007); Baldwin and Woller (2006a, 2006b, 2006c,
2006d, 2006e); Pavlik-Kunkel et al. (2005); Howell & McLellan (2005); Stroud et al.
(2010b);

Ferry

Sanpoil River

LeCaire (1998, 2000); Hauser (2007); Nine (2008, 2009); Wolvert & Nine (2010);
Stroud et al. (2010a, 2010b); Blake et al. (2011)

Franklin

Columbia River (Hanford Reach)

See Benton County

Franklin

Cox Lake

Divens et al. (2001)

Franklin

Moses Lake

Divens & Phillips (@006)

Franklin

Scooteney Reservoir

M. Divens, WDFW Region 1, Spokane WA (pers. Comm.); WDFW-FWIN (2003, 2004,
2005, 2006, 2007, 2008, 2009, 2010, 2011)

Franklin

Snake River (Lower Monumental Dam)

See Columbia County

Garfield

No records found

Table 15.5 continued next page
1040

Fishes of Eastern Washington: A Natural History

Subfamily Coregoninae

Table 15.5 continued

Distribution of lake whitefish in eastern Washington. (Page 2 of 3.)

County

Location

Reference

Grant

Banks Lake

Stober et al. (1967, 1973, 1974, 1975, 1976, 1977); Duff (1972, 1973); Polacek et
al. (2003a, 2003b); WDFW-FWIN (2003, 2004, 2005, 2006, 2007, 2008, 2009, 2010,
2011); Woller et al. (2004); Polacek & Shipley (2006, 2007); Polacek (2009); Polacek &
Dickerson (2010)

Grant

Billy Clapp Lake

Walton (1983); WDFW-FWIN (2011); WDFW Region 2, Ephrata WA (File Data)

Grant

Columbia River (Hanford Reach)

See Benton County

Grant

Columbia River (Priest Rapids Reservoir)

Burley & Poe (1994); Pfiefer et al. (2001)

Grant

Columbia River (Wanapum Reservoir)

See Chelan County

Grant

Evergreen Reservoir

Walton and Wirt (1989)

Grant

Moses Lake

Burgess (2000, 2003, 2004, 2007a); WDFW-FWIN (2003, 2004, 2005, 2006, 2007,
2008, 2009, 2010, 2011)

Grant

Potholes Reservoir

Duff (1974); WDFW-FWIN (2003, 2004, 2005, 2006, 2007, 2008, 2009, 2010, 2011);
WDFW Region 2, Ephrata WA (Creel File Data)

Grant

Red Rocks Reservoir

Osborne et al. (2004); Schmuck & Petersen (2005)

Kittitas

Columbia River (Priest Rapids Reservoir)

See Grant County

Klickitat

Columbia River (Bonneville Reservoir)

FPC (2011)

Klickitat

Columbia River (The Dalles Reservoir)

FPC (2011)

Klickitat

Columbia River (John Day Reservoir)

See Benton County

Lincoln

Columbia River (Grand Coulee Reservoir)

See Ferry County

Lincoln

Hawk Creek (Hawk Creek Arm of Lake
Roosevelt)

McLellan et al. (2001, 2005, 2008, 2010), McLellan & Scholz (2001, 2002, 2003); Blake
et al. (2011)

Lincoln

Spokane River (Spokane Arm of Lake
Roosevelt)

Beckman et al. (1985); Peone et al. (1990); Griffith & Scholz (1991); Griffith et al.
(1992); Thatcher et al. (1993, 1996); McLellan & Scholz (2002, 2003, 2004)

Okanogan

Columbia River (Wells Reservoir)

See Chelan County

Okanogan

Columbia River (Chief Joseph Reservoir)

See Douglas County

Okanogan

Osoyoos Lake

Pinsent et al. (1974)

Pend Oreille

Pend Oreille River (Box Canyon Reservoir)

Ashe & Scholz (1992); Geist et al. (2004); Scholz et al. (2005); Paluch et al. (2009,
2010, 2011); Divens & Osborne (2011)

Skamania

Columbia River (Bonneville Reservoir)

See Klickitat County

Spokane

No records found

Stevens

Columbia River (Grand Coulee Reservoir)

See Ferry County

Stevens

Colville River (below Meyers Falls)

McLellan et al. (2001, 2004, 2005, 2006, 2007, 2008, 2009, 2010), McLellan & Scholz
(2001, 2002, 2003)

Stevens

Kettle River (below Barstow Bridge)

McLellan et al. (1999, 2001); McLellan & Scholz (2001, 2002, 2003)

Stevens

Spokane River (Spokane Arm of Lake
Roosevelt)

See Lincoln County

Table 15.5 continued next page
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Table 15.5 concluded

Distribution of lake whitefish in eastern Washington. (Page 3 of 3.)

County

Location

Reference

Walla Walla

Columbia River (McNary Reservoir)

See Benton County

Walla Walla

Snake River (Lower Monumental Dam)

See Columbia County

Whitman

No records found

Yakima

No records found

BC

Columbia River (below Keenleyside Dam)

Hidlebrand (1991, 1985); Schreffler et al. (1994); RL & L Environmental Services, LTD
(!995, 1996)

BC

Okanogan Lake

Dymond (1936); Clemens (1939); Pinsent et al. (1974); Long (2002)

BC

Okanogan River

Pinsent et al. (1974)

BC

Osoyoos Lake

Pinsent et al. (1974)

BC

Skaha Lake

Pinsent et al. (1974); Long (2002)

BC

Vaseaux Lake

Pinsent et al. (1974)

sampled from the Columbia River, British Columbia between the
international boarder and Hugh Keenleyside Dam (Hildebrand
1991, 1995) The Pend Oreille River joins the Columbia in this reach
near the international boarder.
Lake whitefish abundance in Lake Roosevelt, between Grand
Coulee Dam and the international border gradually increased
since their presence was first recorded in 1948 when the first survey
of the lake was made (Gangmark and Fulton 1949). In 1963, lake
whitefish, (n = 3; 292–392 mm TL) comprised 0.2% of the relative
abundance of 1,451 fish collected during gill net surveys by WDFW
(Earnest et al. 1966). In 1976, whitefish (n = 3) comprised 0.4% of
the relative abundance of 709 fish sampled (Stober et al. 1977).
From 1980–1982, lake whitefish (n = 461, 217–632 mm TL) comprised 4.5% of relative abundance of 10,201 total fish sampled during gill net surveys conducted by the U.S. Fish and Wildlife Service
(Harper et al. 1981; Nigro et al. 1982, 1983; Beckman et al. 1985).
In 1988 and 1989, lake whitefish (n = 296) accounted for 2.7% of
the relative of 11,097 fish collected by electrofishing and gill netting
(Peone et al. 1990). Most of the lake whitefish were collected in
deep water by offshore gill nets (n = 295 of 1,171 total fish; relative
abundance = 25.2%) (Peone et al, 1990). In comparison, lake whitefish were less abundant during littoral sampling using an electrofishing boat (n = 33 of 9,925 total fish; relative abundance = 0.35%)
(Peone et al. 1990).
From 1990 to 1996, lake whitefish (n = 1,419; 169–601 mm TL)
comprised 3.1 % of the relative abundance of 44,588 total fish captured during electrofishing and gill net surveys in Lake Roosevelt
(Griffith and Scholz 1991; Thatcher et al. 1993; Griffith and
McDowell 1996; Underwood and Shields 1996, 1997; Chichoz et al.
1997).
From 1997 to 1999, lake whitefish (n = 951; 200–660 mm TL)
comprised 6.8% of the relative abundance of 13,892 total fish captured in electrofishing and gill net surveys (Cichosz et al. 1999;
Spotts et al. 2003; McLellan et al. 2003). During these surveys, lake
whitefish comprised 39.8% of the gill net (n = 886 of 2,226 total fish)
and 0.5% of the electrofishing catch (n = 65 of 11,666)
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In 2000, lake whitefish (n = 162: 80–601 mm TL) comprised
9.6% of the relative abundance of 1,685 fish captured by electrofishing and gill nets in Lake Roosevelt (Lee et al 2003). During this
survey lake whitefish comprised 26.2% of the gill net catch (n = 157
of 599 total fish) and 0.4% of the electrofishing catch (n = 5 of 1,089
total fish). In 2002, lake whitefish (n = 438; 179–700 mm TL) comprised 18.3% of the gill net catch of 2,398 total fish in Lake Roosevelt
in a Fall Walleye Index Netting Survey conducted by WDFW, STOI
and CCT (WDFW 2003).
Hydroacoustic surveys of pelagic fishes in Lake Roosevelt
by WDFW in September 1998 estimated the total abundance
of lake whitefish at 85,061 fish or 14.4% of the total for all species (n = 590,215) (Baldwin et al. 2002a). Small lake whitefish
(100–200 mm TL) contributed most of the fish in the estimate
(n = 57,268), larger lake whitefish (300–700 mm TL) were less
abundant (n = 27,805) (Baldwin et al. 2002). Lake whitefish populations in Lake Roosevelt were estimated at 71,636 in October 1999
(Baldwin and Polacek 2002) and 87,770 in October 2000. In these
studies small lake whitefish (100–200 mm TL) contributed about
67% and large lake whitefish (300–700 mm TL) contributed about
33% of the lake whitefish relative abundance. Numerical abundance
of many different size classes, and the dominance of the smallest
size class indicated that successful natural reproduction and successful recruitment of juveniles to the adult population occurs in
Lake Roosevelt. The population appears sufficiently large to act as
a reservoir for dispersal of lake whitefish throughout the Columbia
mainstem and Columbia Basin Project area.
Below Grand Coulee in the Columbia mainstem, lake whitefish have been reported in Rufus Woods (Chief Joseph) Reservoir
(Erikson et al. 1977). Burley and Poe (1994) collected lake whitefish in Wells (n = 7), Rocky Reach (n = 27), Rock Island (n = 5),
Wanapum (n = 4), and Priest Rapids (n = 6) reservoirs (Burley and
Poe 1994). Lake whitefish have been recorded in the Priest Rapids
Dam tailrace (n= 17) (Burley and Poe 1994), in the Hanford Reach
(Gray and Dauble 1977) and in McNary Reservoir (Nelson 1981).
In the Columbia Basin Project area, lake whitefish have been
reported in Banks Lake (Duff 1973; Stober et al. 1976; Polacek et al.
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2003; Woller et al. 2003; Baldwin and Polacek 2007), Billy Clapp
Lake (Walton 1982), Moses Lake (Burgess 2000, 2002), and Potholes
Reservoir (J. Korth, WDFW, Region 2, Ephrata, Washington, pers.
comm.), in Grant County. Also, lake whitefish have been reported
from several lakes in the Seep Lakes Wildlife Area of the Columbia
Basin National Wildlife Refuge in Grant and Adams counties
(J. Korth, Ibid.) and in Scooteney Reservoir in Franklin County
(J. Foster, WDFW, Region 2, Ephrata, Washington, pers. comm. to
R.S. Wydoski, cited in Wydoski and Whitney 2003). These water
bodies are all connected by a network of canals that comprise the
Columbia Basin Irrigation Project.
Lake whitefish were first reported from Banks Lake during
creel surveys conducted from 1960–1964, whereas none were observed during creel surveys conducted from 1952–1954 (Duff 1973),
an indication that they were pumped into Banks Lake from Lake
Roosevelt. In creel surveys conducted in 1972, 452 lake whitefish
were harvested by anglers in Banks Lake (Duff 1973). By 1975, they
were naturally reproducing in Banks Lake and dominated the fishery by number and biomass (Stober et al. 1976). In September 2000,
302 lake whitefish, 121–588 mm (relative abundance = 10.4%), were
among 2,896 fish capturing during WDFW electrofishing, gill net
and fyke net surveys of the littoral zone at Banks Lake (Woller et
al. 2003). Also in September 2000, deep water gill nets were set
and hydroacoustic surveys were conducted to assess the limnetic
fish populations in Banks Lake (Polacek et al. 2003; Baldwin and
Polacek 2007). Of the total number of fish captured by gill nets
(n = 215), 79% were lake whitefish (n = 170, 189–544 mm TL).
Littoral electrofishing and gill net surveys conducted by WDFW in
October 2002 and May 2003 captured a total of 5,815 fish, including 647 (11.1%) lake whitefish 45–709 mm TL (Polacek et al. 2003).
From 2002–2010 WDFW conducted Fall Walleye Index Surveys
in Banks Lake using gill nets. During this interval 12,000 fish including 1,289 lake whitefish were sampled. Relative abundance of
lake whitefish in the sample was 10.7%. Hydroacoustic estimates
(±2 SE) of lake whitefish abundance in Banks Lake were 79,064
(±39,096) in 2002, (Baldwin and Polacek 2007); 123,334 (±9,929)
in 2004 (Polacek and Shipley 2006); 279,715 (±56,501) in 2006;
180,377 (±35,134) in 2008 (Polacek 2009); and 374,075 (±174,328)
in 2009 (Polacek and Didrickson 2010). Limnetic gill net surveys
conducted by WDFW during the same period captured a total
of 332 fish, including 264 (79.5%) lake whitefish 189–585 mm TL
(Polacek et al. 2003). Clearly, Banks Lake harbors a large, naturally
reproducing population of lake whitefish that may act as a source
to supply other locations in the Columbia Basin Project area.
Water flows out of Banks Lake through a tunnel in Dry Falls
Dam (outlet at south end of Banks Lake) that drains into the main
canal of the Columbia Basin Project about 6 km south of the
dam. Water then travels south over Summer Falls into Billy Clapp
Lake. In 1982 Walton (1983) collected 523 total fish, including 55
(relative abundance = 10.5%) lake whitefish, 200- 480 mm TL in
Billy Clapp Lake. In 2010 WDFW conducted a Fall Walleye Index
Netting (FWIN) Survey at Billy Clapp Lake. A total of 236 fish were
sampled, including 28 (11.8%) lake whitefish (259–539 mm TL)
(Wdfw–FWIN 2011).
Water exits the south end of Billy Clapp Lake though Pinto
(formerly called Long Lake) Dam into the Main Canal, which soon
branches into the East Low Canal Siphon and West Canal Siphon
about 6 km southeast of Pinto Dam. The west canal Siphon flows
westward through Soap Lakes, Ephrata and Quincy, Washington,

before turning south. Along this route the West Canal Siphon
passes near and connects to Babcock Ridge and Crater Lakes southwest of Quincy, Washington. Some of this water in the West Canal
Siphon is diverted south through a tunnel under the Frenchman
Hills, into Red Rock Coulee and eventually into lower Crab Creek
(in this segment West Canal Siphon passes through Red Rock Lake
in Grant County). The remainder drains east through Frenchman
Hills Wasteway into the west side of Potholes Reservoir. Water
leaves Potholes Reservoir at O’Sullivan Dam and supplies the Seep
Lakes Wildlife Area. Some of this water eventually passes into Crab
Creek, thence into the Columbia. The rest is diverted into Potholes
Canal (west of Othello, in Adams County, Washington) which
flows south into Scooteney Reservoir (in Franklin County). From
Scooteney Reservoir the Potholes Canal travels southwest to join
the Columbia River near Ringold Springs. It passes near and connects to Cox, Mesa and Worth lakes (in Franklin County) along
this route.
The East Low Canal Siphon flows south and parallels upper Crab Creek. Some water is diverted through Rocky Coulee
Wasteway into upper Crab Creek which connects to Moses Lake
and Potholes Reservoir. The East Low Canal Siphon flows south
through Warden, Washington. The Canal continues to flow south
(east of Othello, Washington) and eventually drains into Potholes
Canal at the head of Scooteney Reservoir.
Lake whitefish were not present during fish surveys conducted at Moses Lake (Grant County) in 1950 (Groves 1951) or
1978 (Burgess 2000). In the latter survey, none were among 1,318
fish sampled by WDFW. In electrofishing, gill net and fykenet surveys conducted in 1989, 1999, 2000, 2001, 2002 and 2005 (Burgess
2000, 2003, 2004; Burgess et al. 2007a), a total of 5,313 fish were
captured including 539 lake whitefish. From 2002 to 2010 WDFW
conducted FWIN surveys at Moses Lake. During this interval they
caught 21,655 fish including 68 (0.3%) lake whitefish that ranged
from 100–632 mm TL (WDFW-FWIN 2003, 2004, 2005, 2006, 2007,
2008, 2009, 2010, 2011).
Adult lake whitefish are occasionally observed in Potholes
Reservoir (Grant County), in Scooteney Reservoir (Franklin
County) and in lakes in Franklin County. From 2002–2009 WDFW
conducted FWIN Surveys in Potholes Reservoir, Grant County and
caught a total of 5,479 fish including 28 (11.8%) lake whitefish (259–
539 mm TL) (WDFW–FWIN 2011).In 1999, 20 adult lake whitefish,
452–502 mm TL, were among 892 total fish sampled by WDFW during electrofishing, gill net and fyke net surveys conducted at Mesa
Lake, Franklin County (Divens and Phillips 2000). In 2000, two
adult lake whitefish, 471–513 mm TL were among 1,450 total fish
sampled by WDFW during similar surveys at Cox Lake, Franklin
County (Divens et al. 2001).
Peterson and Jackson (1999a) collected adult lake whitefish
during WDFW surveys of Babcock Ridge and Crater lakes, Grant
County, in 1997. At Red Locks Lake, 3 lake whitefish were captured
among 1,237 total fish (0.1%) in a warm water fish survey conducted
by WDFW in 1996 (Osborne et al. 2004), and 5 were among 1,041
total fish(0.5%) captured there in 2005 (Schmuck and Peterson
2005).None were captured in a survey of 394 fish at Red Rock Lake,
in 1997 (Fletcher 1997).
Lake whitefish were observed in Evergreen Reservoir, Grant
County in 1987 (Walton and Wirt 1989) but not in 1997 or 2000
(Petersen and Osborne 2004a).
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PYGMY WHITEFISH
Prosopium coulterii (Eigenmann and Eigenmann, 1892)
Primary Identification

Confirming Characters

1.

Adipose fin present. Axillary process present at front
base of pelvic fins.

1.

One flap between anterior and posterior nares (see
Figure 14.1 page 912).

2.

Silvery color with large scales (54–70 in lateral line row).

2.

Mouth slightly subterminal.

3.

Gill rakers 11–21 (stubby, stout).

3.

Dorsal rays: 9–12; Anal rays: 8–10, pyloric caeca: 18–33.

4.

Blunt snout (head distinctly rounded between nape and
tip of snout).

4.

Large eyes.

Figure 15.6

Pygmy whitefish, Chester Morse Reservoir, King County, WA. Photograph courtesy of R.S. Wydoski, USFWS, retired,
Lakewood, CO.

Similar Species

Common Name(s)

1.

Mountain whitefish have a head that is slightly convex
between the nape and snout, and one flap between the
anterior and posterior nares.

2.

Lake whitefish have a head that is slightly concave
between the nape and snout, and two flaps between the
anterior and posterior nares.

3.

Arctic grayling have a long, sail-like dorsal fin (16–25
rays).

Etymology
Prosopium: (G.) Prosop = face or mask, -ium = small, i.e., small
face or mask. Refers to the eyes being so big, the face looks small.
The eyes of pygmy whitefish are noticeably large in comparison
to other whitefish. Large orbital bones in front of the eyes vaguely
resemble a mask.
coulterii: (L.) Latinized name in honor of Dr. J.M. Coulter, a botanist, author of Manual of the Botany of the Rocky Mountain Region.

Pronunciation
Prosopium - Prō-sō-pi-ŭm (Prō-sō-pē-ŭm)
Coulterii - cōlt-ĕr-ī
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Pygmy whitefish (AFS name), Coulter’s whitefish, brownbacked
whitefish. The original common name for this species was Coulter’s
whitefish, by which it was usually called until about 1955. The common name honored Dr. J.M. Coulter, a distinguished botanist, as explained in the etymology section. Brownback whitefish was a common name used in Washington (See Schultz 1936: 139 and Schultz and
DeLacy 1935–1936: 374). After the American Fisheries Society had
expressed disapproval of patronymics for common names of fishes,
preferring instead names that described the species, Eschmeyer and
Bailey (1955) adopted the name pygmy whitefish, first used by Weisel
and Dillion (1954), in preference to brownback whitefish because it
was “briefer, more suitably descriptive and more euphonius.”

Systematic Notes
First described by Carl Eigenmann and Rosa Smith Eigenmann
(1892: 961) from specimens obtained in the Kicking Horse River
at Field, British Columbia as Coregonus coulterii. Systematics
and nomenclature of pygmy whitefish was reviewed by Hubbs
(1926) and Eschmeyer and Bailey (1955). Pygmy whitefish (from
Lake Superior) was first placed in the genus Prosopium by Koelz
(1929), following Milner, who recognized that some whitefish had
single narial flap (Prosopium) whereas most had two (Coregonus).
Prosopium also lacked teeth in the jaws, and on the vomer and
palatines, whereas in Coregonus vestigial teeth were present in
these bones. See Hubbs (1926: 13) who ascribed genus Prosopium
to Milner.
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Eschmeyer and Bailey (1955) officially amended the original
specific epithet from coulterii (two i’s) to coulteri (one i) following guidelines established by the International Commission on
Zoological Nomenclature in 1953, although the practice of using the
single i had been followed since 1930 when Jordan et al. had called
the species Prosopium coulteri. Nelson et al. (2004) restored the
original spelling (two i’s) to Prosopium coulterii, which is the most
recent AFS position. Interestingly, Eschmeyer and Bailey (1955)
placed Prosopium as a subgenus of Coregonus and called the pygmy
whitefish Coregonus (Prosopium) coulteri. The American Fisheries
Society Committee for Names of Fishes, however, deemed that the
differences between Prosopium and Coregenus were sufficient to
warrant their separation into distinctive genera.
Eschmeyer and Bailey (1955) placed Prosopium snyderi Meyers,
1932 from Crescent Lake on Washington’s Olympic Peninsula in
synonymy with Prosopium coulteri. They also provided an excellent comparison of the morphological and meristic characters of
pygmy whitefish throughout their range.
Regan (1914) and Berg (1940) assigned the whitefish to a
Subfamily (Coregoninae) and salmon, trout and charr to a different
Subfamily (Salmoninae) of the Salmonidae family. This was based
largely upon dentition. The Salmoninae had well developed teeth
on their jaws, vomer and palatine, whereas in the Coregoninae
they were either weakly developed or absent.

Scientific Synonyms
Coregonus coulterii sp. nov. original description.
Eigenmann & Eigenmann (1892: 961).

Coregonus coulterii Eigenmann and Eigenmann

Evermann and Smith (1896: 290); Jordan and Evermann
(1896–1990: 462).

Coregonus coulteri

Eigenmann (1894: 105); Evermann and Goldsborough (1907: 99);
Jordan and Snyder (1909: 430) Diamond Lake, Pend Oreille
County, WA; Kendall (1917: 54); Snyder (1917: 93) Diamond Lake,
Stevens County, WA. County name was listed incorrectly. Should
be Pend Oreille County (See Schultz and DeLacy 1935–1936: 374);
Kendall (1921: 1).

Coregonus (Prosopium) coulteri: Eigenmann and Eigenmann
Eschmeyer and Bailey (1955: 166).

Prosopium coulteri (Eigenmann and Eigenmann)

Koelz (1929); Jordan, Evermann and Clark (1930: 65); Schultz
(1931: 16); Schultz (1936: 139); Schultz and DeLacy (1935–1936: 374);
Schultz (1941: 8) Fish and McDonald Creeks, tributaries of McDonald
Lake in Glacier National Park; Weisel and Dillion (1954: 124); Bailey
et al. (1960: 11; 1970: 17); McPhail and Lindsay (1970: 119); Scott
and Crossman (1973: 282; 1998: 282); Morrow (1974: 33); Wydoski
and Whitney (1979: 33; 2003: 85); Morrow (1980: 31); Robins et al.
(1980: 19); Lee et al. (1981); Simpson and Wallace (1982: 19); Becker
(1983: 369); Chereshner and Skopets (1992: 21).

Prosopium coulteri (Eigenmann and Eigenmann, 1892)
Robins et al. (1991: 28); Mecklenburg et al. (2002: 190).

Prosopium couterii (Eigenmann and Eigenmann, 1892)

Nelson et al. (2004: 86); Scholz and McLellan (2009: 165; 2010: 417).

Prosopium coulteri

Dymond (1943: 202); Carl and Clemens (1948: 35); Carl and Clemens
(1953: 35); Brown (1971: 46); Lindsey and Franzin (1972: 1772); Page
and Burr (1991: 45); Holton and Johnson (1996: 69); Hallock and
Mongillo (1998: 1)

Prosopium snyderi: sp. nov.

Myers (1933: 62) Crescent Lake, Olympic Peninsula, Washington.

Prosopium snyderi Myers

Schultz (1936: 139); Schultz and DeLacy (1935–1936: 374).

Distribution and Stock Status
Pygmy whitefish have a discontinuous distribution, centered
in the Alsek, Athabsca, Columbia, Fraser, Laird, Peace, Skeena
and Yukon rivers of Alberta, British Columbia, Alaska, Idaho,
Montana, Washington. Separate disjunct populations of pygmy
whitefish occurred in Lake Superior (Eschmeyer and Bailey
1955, Scott and Crossman 1973; Lee et al. 1981), Great Bear Lake,
Northwest Territories (Nelson and Paetz 1992), the Aleutian
Range of southwest Alaska (Heard and Hartman 1966) and on the
Chukchi Peninsula of Siberia (Chereshnev and Skopets 1992).
In Idaho distribution is limited to large oligotrophic lakes (Pend
Oreille and Priest) in the Pend Oreille/Clark Fork River drainage, in the northern (Panhandle) region (Simpson and Wallace
1982). Pygmy whitefish were “abundant” in both lakes (Simpson
and Wallace 1982). Its presence has so far not been recorded in the
Kootenai River, the other major river in north Idaho.
In Montana, pygmy whitefish have been collected in Lake
McDonald, Flathead Lake, Swan Lake, and other lakes and tributaries in the Flathead/Clark Fork drainage i.e., headwaters of the
Pend Oreille River drainage in northwestern Montana (Schultz
1941; Weisel and Dillion 1954; Brown 1971; Weisel et al. 1973; Holton
and Johnson 1996). Their presence has so far not been detected in
the Kootenai River, the other major river in northwestern Montana,
but they are present in the Kootenay River, British Columbia.
In Alberta, pygmy whitefish have been recorded from the headwaters of the Athabasca River drainage and Waterton Lake (upper
Oldman/Saskatchewan River drainage) along the border of British
Columbia in the Canadian Rockies (Lindsey and Franzin 1972;
Nelson and Paetz 1992; Nelson and Shelast 1998; MacKay 2000). A
disjunct population occurs in the northeastern corner of Alberta
and northwestern Saskatchewan where the Athabasca River empties into Lake Athabasca. Pygmy whitefish were collected from the
deep eastern end of Lake Athabasca in Saskatchewan (MacKay
2000). Few pygmy whitefish have been collected from the
Athabasca River where it flows through the prairies in northern
Alberta, although some specimens were collected near Whitecourt,
Alberta by Nelson and Shelast (1998).
In British Columbia, pygmy whitefish are found along the
Rocky Mountains and central interior plateau in the upper
Columbia, upper Fraser, Peace and Laird rivers and Kootenay
River and Lake (McCart 1963, 1965; Carl et al. 1967; McPhail and
Lindsay 1970; Scott and Crossman 1973; Lee et al. 1980). In the
northwestern corner of the province it crosses into the Yukon (in
the Teslin River, tributary of the Yukon) and Alaska (in the Alsek
River, which drains into the Pacific north of Juneau) (McPhail and
Lindsey 1970; Lee et al. 1980; Mecklenburg et al. 2002). In southeast Alaska, pygmy whitefish also occur in Tazlina, Klutina, and
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Tonsina Lakes the Wrangell Range, Copper River Basin (Bird and
Robertson 1979)
In Washington, pygmy whitefish were historically distributed
in 15 lakes (13 in the Columbia Basin, one in the west slope of the
Cascades and one on the Olympic Peninsula) but have apparently been extirpated from six of them (all in the Columbia Basin)
(Hallock and Mongillo 1998) (Figure 15.7 and Table 15.6).
Between 1993 and 1997 WDFW assessed the current status of
pygmy whitefish in Washington by sampling 30 lakes that had
potential to hold pygmy whitefish (Hallock and Mongillo 1998).
The sampled lakes included 12 of the 15 lakes noted above. Osoyoos
Lake, Lake Crescent and Lake Chester Morse were not sampled
because WDFW already had recent data indicating that these lakes
still had extant populations of pygmy whitefish. Methods used for
these surveys specifically targeted pygmy whitefish. Gill nets were
set in deep water, which is the favorite habitat of pygmy whitefish. Mesh sizes were selected to capture fish ≤ 150 mm (about the
maximum size of an adult pygmy whitefish). During these surveys

pygmy whitefish were collected from six of the 12 lakes previously
reported to contain pygmy whitefish and none of the 18 that had
no previous record of pygmy whitefish. No pygmy whitefish were
found in six of the lakes previously reported to contain pygmy
whitefish (Table 15.6).
Pygmy whitefish were first collected in Washington at Diamond
Lake, Pend Oreille County, the headwaters lake of the West Branch
Little Spokane River in 1894 (See Jordan and Snyder 1909; Snyder
1917; Kendall 1921). None were found in the pygmy whitefish
survey of Diamond Lake in 1993 (Mongillo and Hallock 1995).
Introduction of largemouth and smallmouth bass in Diamond
Lake was thought to possibly be responsible for this loss because,
during the first rehabilitation of Diamond Lake with piscicides (rotenone) in 1950, no pygmy whitefish were observed among the fish
killed (Hallock and Mongillo 1998).
Although the chronology of bass introductions and pygmy
whitefish disappearance makes this explanation appealing, bass
exploitation of pygmy whitefish may not be a satisfactory explana-
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Table 15.6

Historical and present distribution of pygmy whitefish in eastern Washington¹. UW refers to the University of Washington
Fish Collection. Table adapted from Hallock and Mongillo (1998).
Presence

County

Location

Past

Present

Chelan

Lake Chelan

Yes

Yes

Reference
Hallock & Mongillo (1998)

Ferry

North Twin Lake

Yes

Yes

Hallock & Mongillo (1992)

Kittitas

Cle Elum Lake

Yes

No

Mongillo & Falconer (1980); Hallock and Mongillo (1998)

Kittitas

Kachess Lake

Yes

Yes

Mongillo & Falconer (1980); Hallock and Mongillo (1998)

Kittitas

Keechelus Lake

Yes

Yes

Mongillo & Falconer (1980); Hallock and Mongillo (1998)

Okanogan

Buffalo Lake

Yes

No

WDFW (Region 2 Ephrata, WA Lake Rehabilitation File Data); Hallock and
Mongillo (1998)

Okanogan

Osoyoos Lake

Yes

Yes

Hallock & Mongillo (1998); UBC 530194 (J. Yarwood, ND)

Pend Oreille

Bead Lake

Yes

Yes

Hallock & Mongillo (1998); Polacek et al. (2003)

Pend Oreille

Diamond Lake

Yes

No

SU 5477 (J.D. Snyder 1894); Snyder (1917); Kendall (1921); Hallock &
Mongillo (1998); Phillips & Divens (2000)

Pend Oreille

Horseshoe Lake

Yes

No

Mongillo & Hallock (1995); Hallock & Mongillo (1998) McLellan et al. (2005)

Pend Oreille

Little POR Lakes (Gillete,
Leo, Sherry, Thomas)

Yes

No

WDFW (Region 1 Lake Rehabilitation File Data); Hallock & Mongillo (1992)

Pend Oreille

Marshall Lake

Yes

No

Hallock & Mongillo (1998)

Pend Oreille

Sullivan Lake

Yes

Yes

Mongillo & Hallock (1995); Hallock & Mongillo (1998); Baldwin & McLellan
(2005); Nine (2006); Nine and Scholz (2006)

Spokane

Little Spokane River

Yes

No

Hartung & Meier (1980, 1995); McLellan (2002, 2003, 2004)

Glacier, MT

Lake McDonald (GNP)

--

--

UW 3355 (L.P. Schultz, 1934)

Glacier, MT

Fish Creek (GNP)

--

--

UW 3336 (L.P. Schultz, 1934)

Lincoln, MT

Bull Lake/Ross Creek

--

--

UMMZ 167842 (J.B. Dillion, 1956); UMMZ 167843 (K. Hays 1953)

¹Other Locations where pygmy whitefish occur in Washington outside of the Columbia River Basin include Chester Morse Reservoir (King County),
Lake Crescent (Clallum County) (Hallock & Mongillo 1992) and Cloquallum Creek (Grays Harbor County). Voucher specimens from Chester Morse
Reservoir collected by R. Wydoski and R. Whitney in 1972 were placed in the American Museum of Natural History Fish Collection (AMNH 47413,
AMNH 47414) and the University of Washington Fish Collection (UW 20602, UW 20603). Voucher specimens from the Chester Morse Reservoir are also
on file at UMMZ (UW 020602, UW 020603). Voucher specimens from Lake Crescent collected by T. Potterin 1932 were placed in the Stanford University
Fish Collection (SU 23751). Voucher Specimens from Cloquallum Creek (Grays Harbor County) are on file at the UMMZ Fish Collection (UW 111076).

tion for their demise in Diamond Lake because pygmy whitefish
may not have been distributed in the same areas of the lake at the
time when bass were feeding most voraciously. Bass tend to occupy warm, shoreline areas during the summer. Largemouth prefer vegetated littoral habitats. Pygmy whitefish tend to prefer deep,
colder waters during the summer. Thus, the two species may not
have come into contact with each other during the warm, summer
months when bass metabolism and food consumption rate was

highest. Bass food consumption goes down dramatically when water becomes cold in the late fall, winter, early spring months when
it was more likely they would have come into contact with pygmy
whitefish.
It is also possible that stocking of planktivorous fish such as
kokanee or rainbow in Diamond Lake contributed to their demise by competing with pygmy whitefish for chironomids and
zooplankton. WDFW records indicate that after initial plants of
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kokanee, the stocked fish grew to large size but that after several
years size of individual fish began to decrease, suggesting that food
resources in the lake were becoming depleted. Also, an early plant
of steelhead trout produced adults up to 10 pounds, indicative that
they were consuming fish (possibly including pygmy whitefish).
Steelhead seem like a more logical predator than bass since, like
whitefish, they would probably occupy cold water, limnetic habitat. Additionally, Diamond Lake had undergone cultural eutrophication owing to the large number of lake cabins built around the
shoreline and had suffered oxygen depletion in the cold bottom
waters during the summer, reducing habitat of pygmy whitefish
and forcing them into areas occupied by predators. Hence, a combination of factors probably contributed to their extirpation.
Diamond Lake was treated with piscicides again in 1968 and a
third time in 1977. No pygmy whitefish were collected during either
rehabilitation. Diamond Lake was surveyed using electrofishing,
gill nets and fyke nets in October 1999 (Phillips and Divens 2000).
No pygmy whitefish were collected in a sample of 1,647 fish (7 species). However, this survey did not specifically target pygmy whitefish Instead, it targeted warm water species.
Below Diamond Lake the west branch of the Little Spokane
River is interspersed with a chain of relatively deep lakes that
could potentially harbor pygmy whitefish. These include (maximum depth) Sacheen (12 m), Trout (55 m), Lost (29 m), Fan (23 m),
Horseshoe (50 m), all in Pend Oreille County, and Eloika Lake (5
m) in Spokane County. All of these lakes have undergone varying
degrees of cultural eutrophication and presently hold little oxygen
in the cold, bottom waters during the summer.
At Sacheen Lake, WDFW records indicated that whitefish (species not identified) “were very plentiful at one time.” However no
whitefish of any kind were reported among the fish killed during
the first rehabilitation conducted in 1960 or in six subsequent rotenone treatments (1964, 1969, 1973, 1974, 1975, 1979). No pygmy
whitefish were observed in a warm water fish survey conducted
at Sacheen Lake in September 2000 that sampled 2,035 fish, representing 8 species (Divens et al. 2002c).
Trout Lake has not been rehabilitated. No whitefish of any kind
were reported during creel surveys conducted by WDFW from 1948
to 1972 (WDFW file data, Spokane Regional Office). No pygmy
whitefish were collected during the gill net survey that targeted
them by Mongillo and Hallock (1998). There is no public access to
Lost Lake. It has not been rehabilitated or sampled.
Horseshoe Lake has never been rehabilitated. Pygmy whitefish were documented in Horseshoe Lake in 1993 (Mongillo and
Hallock 1995). However, follow up sampling (conducted annually) from 1994 to 1997 failed to collect any more pygmy whitefish
(Hallock and Mongillo 1998). Hallock and Mongillo (1998) speculated that introduction of non-indigenous lake trout (Salvenlinus
namaycush) in the 1980s coupled with hypolimnetic oxygen depletion were responsible for the loss of pygmy whitefish. Horseshoe
Lake was also stocked with kokanee in the 1930s and early 1940s. A
naturally reproducing population of wild kokanee in Buck Creek
resulted from these plants. By the late 1940s the number of naturally produced kokanee had increased to the point where additional plants of hatchery fish failed to improve angler harvest rates,
so kokanee stocking was discontinued. The kokanee population in
Horseshoe Lake has been largely maintained by natural reproduction in Buck Creek since 1950. The kokanee that return to Buck
Creek are small. Sexually mature (four year old) fish (n = 75) col1048

lected in 2001 averaged (ranged) 277 mm (222–318 mm) (Scholz
2002). Mean back calculated total length of kokanee collected
(n = 50) in Horseshoe Lake in 2004 was 70 mm at age 1, 175 mm at
age 2, 233 mm at age 3, and 256 mm at age 4 (McLellan et al. 2005).
These data suggest that food for planktivorous fishes in Horseshoe
Lake is limited, so it is also possible that competition with kokanee
contributed to the decline of pygmy whitefish. Competition might
have become especially fierce if both species were forced to spend
time in the warmer, upper waters of the lake during the summer months owing to the lake’s hypolimnetic oxygen deficit. The
warmer temperatures would have increased their basal metabolic
rate and, hence, their food consumption (possibly causing food
limitation). Littoral and pelagic surveys that employed electrofishing, fyke nets and horizontal and vertical variable mesh research
gill nets were conducted by WDFW in September 2004 (McLellan
et al. 2005). Twenty four gill nets, many set at appropriate depths
and with appropriate mesh sizes to catch pygmy whitefish, were
set in the limnetic zone. No pygmy whitefish were collected in a
sample of 792 fish representing 17 species (McLellan et al. 2005).
The limnetic nets did catch good numbers of kokanee, a few as
small as 134 mm, and would have presumably sampled similar size
pygmy whitefish had they been there. Thus, it appears that pygmy
whitefish are no longer present in Horseshoe Lake.
Fan Lake was rehabilitated three times, in 1956, 1960 and 1975.
No pygmy whitefish were identified among the fish killed. The lake
was surveyed using warm water fish protocols in September 2000
(Divens et al. 2002b). No pygmy whitefish were observed in a sample of 862 fish, representing nine species.
Eloika Lake is a shallow, weed-choked lake. Emergent macrophytes cover the entire surface of the lake. Its shallow depth is
probably a good indication that it never contained pygmy whitefish. Eloika Lake has never been rehabilitated. WDFW conducted
fish surveys at Eloika Lake in 1978 (Zook 1978) and 2000 (Divens
et al. 2002a). No pygmy whitefish were found in a sample of 318
fish (8 species) in the first survey and 916 fish (11 species) in the
second survey.
The West Branch Little Spokane River joins the Little Spokane
River a short distance below Eloika Lake. From that point, the
Little Spokane River meanders about 31 km to its confluence with
the Spokane River. In 1980, 27 pygmy whitefish were collected
at five sites in the Little Spokane mainstem between RKM 10–26
(Hartung and Meier 1980). However, when the same area was resurveyed in 1995 (Hartung and Meier 1995) and 2003 (McLellan
2004), no pygmy whitefish were found. From 2001–2003, McLellan
(2002, 2003, 2004 sampled) 294 sites in the Little Spokane mainstem, West Branch and the principle tributaries of both branches.
Approximately 40,000 fish were sampled during these surveys with
no pygmy whitefish observed. No pygmy whitefish were found in
a gill net survey of the limnetic zone of Chain Lakes in the Little
Spokane mainstem (Polacek and Baldwin 1998). Collectively, these
results suggest that pygmy whitefish were once present in the Little
Spokane drainage but are now extirpated.
Pygmy whitefish were present in several small lakes (Gillette,
Leo, Sherry, Thomas) that form a chain along the Little Pend
Oreille River, tributary of the Colville River, Stevens County,
Washington (Hallock and Mongillo 1998). Biologists were unaware
of these populations until they were treated with rotenone in 1952.
The chemical treatment extirpated them from these lakes (Hallock
and Mongillo 1998). A similar fate befell the pygmy whitefish in
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Marshall (Pend Oreille County) and Buffalo (Okanogan County)
lakes (Hallock and Mongillo 1998). No pygmy whitefish were collected in any of these lakes during the WDFW pygmy whitefish
gill net survey (Hallock and Mongillo 1998). Pygmy whitefish
were first documented in North Twin Lake (Ferry County) on the
Colville Indian Reservation during a fish survey made in 1978, but
they had disappeared by 1987 following the illegal introduction of
largemouth bass in the early 1980s (Hallock and Mongillo 1998).
At Sullivan Lake, WDFW caught 13 pygmy whitefish in 21 gill
nets set overnight during 1994 (Mongillo and Hallock 1995). Catch
per unit effort (CPUE) was 0.6 pygmy whitefish per net set and relative abundance of pygmy whitefish was 17.5% of 74 total fish captured during the survey. Thus it appeared that Sullivan Lake was a
stronghold for pygmy whitefish in eastern Washington. Sullivan
Lake is a deep (mean depth = 58.8 m; maximum depth = 101.2 m),
oligotrophic lake. The hypolimnion (bottom thermal layer) of the
lake is ice cold (≤ 4˚ C) with plenty of oxygen, so it contains ideal
pygmy whitefish habitat.
Only one pygmy whitefish was captured in a sample of 476 fish
collected by 72 overnight gill net sets made at Sullivan Lake by
Eastern Washington University (EWU) at monthly intervals from
April to November in 2003 (Nine 2005; Nine and Scholz 2005), and
one was captured in a sample of 66 fish collected by 47 gill net sets
made at Sullivan Lake by WDFW in September 2003 (Baldwin and
McLellan 2005). Combining the results of the two surveys CPUE
was 0.02 pygmy whitefish per net set and relative abundance of
pygmy whitefish was 0.3% of 542 total fish captured. Although results were not strictly comparable to Mongillo and Hallock (1995)
study, because different nets and mesh sizes were used in the 1994
and 2003 studies, the difference likely represents a real decline in
pygmy whitefish abundance in Sullivan Lake because more small
sized mesh (the size that captured pygmy whitefish) was set in 2003
than 1994. Nine (2005) and Nine and Scholz (2005) hypothesized
that their decline may be related to the illegal introduction of burbot in about 1992 (Bonar et al. 2000). Burbot abundance has increased since that time while pygmy whitefish abundance appears
to have declined. Sullivan Lake does not appear to be the stronghold for pygmy whitefish that it once was.
Burbot were not reported in gill net surveys conducted at
Sullivan Lake in 1980 and 1990 and were not reported in anglers
creels until 1991. In 1994 burbot comprised 11% of the relative abundance (n = 8 of 74 total fish) captured in gill net surveys (Mongillo
and Hallock 1995). CPUE was 0.4 burbot/net set. In the 2003 EWU
survey, burbot comprised 11.3% of the relative abundance (n = 54 of
476 total fish) captured in gill net surveys. CPUE was 0.8 burbot/
net set. Comparative electrofishing CPUE data also indicated that
Sullivan Lake harbors a relatively high burbot population in comparison to other lakes. CPUE for burbot was 12/hour in Sullivan
Lake compared to 4/hour in Lake Roosevelt (McLellan et al. 1998,
1999, 2000, 2001, 2002, 2003, 2005; McLellan and Scholz 2004),
0.6/hour in Bead Lake (Rader 2006; Rader and Scholz 2006), and
<0.1/hour in Banks Lake (Polacek et al. 2003). Collectively, these
data indicated that burbot abundance has increased markedly in
Sullivan Lake since they first appeared in 1991, so it is possible
that burbot predation may be causing the decline in abundance of
pygmy whitefish.
Burbot, like pygmy whitefish, prefer deep, cold waters, so it is
likely that burbot would encounter pygmy whitefish in Sullivan
Lake. A hydroacoustic survey conducted by WDFW in 2003 pro-

vided a rough estimate of 2,025 pygmy whitefish in Sullivan Lake
(Baldwin and McLellan 2005).
WDFW operated a migration trap to collect spawning kokanee
salmon in Harvey Creek, the inlet tributary of Sullivan Lake, during the autumn of 2002, 2003 and 2004 (McLellan 2003, 2004,
2005). Incidental catches of sexually mature pygmy whitefish were
made in 2002 (n = 1 ripe female in November 2002 and n = 2 spent
fish migrating downstream in early December in 2004). Pygmy
whitefish were able to pass through the spaces between the bars
of the trap, so it was possible that these few captures were indicative of a small spawning run of adfluvial pygmy whitefish from
Sullivan Lake into Harvey Creek in November (J. McLellan, WDFW
Spokane Regional Office, pers. comm..)
Two pygmy whitefish were collected from Mill Pond in August
2004 (J. McLellan, Ibid). Mill Pond is an enlargement of Sullivan
Creek about 1 km below Sullivan Lake. The outlet of Sullivan Lake
drains into Sullivan Creek. Pygmy whitefish had not previously
been documented in Mill Pond. The pond was surveyed for the
first time in 2004.
At Bead Lake, WDFW captured 3 pygmy whitefish, 148–159 mm,
in a sample of 111 fish in 10 gill nets set overnight in 1993 (Mongillo
and Hallock 1995). Whitefish CPUE was 0.3 fish per net set and
relative abundance was 2.7%. In 1999, WDFW set five vertical and
six horizontal gill nets in the limnetic zone of Bead Lake. These
sets were made to estimate relative abundance of limnetic fish in
conjunction with a hydroacoustic survey to estimate limnetic fish
populations. Three pygmy whitefish, 147–162 mm, were captured
in a sample of 74 fish. Pygmy whitefish CPUE was 0.25 fish per net
set and relative abundance was 3.8%. The pygmy whitefish population (± 95% confidence intervals) was estimated at 6,344 ± 2,436
(Polacek and Baldwin 1999). In 2003, EWU set a total of 28 horizontal gill nets and 22 vertical gill nets at Bead Lake at monthly
intervals from April to November (Rader 2005; Rader and Scholz
2005). One pygmy whitefish was collected in a sample of 928
fish. Pygmy whitefish CPUE was 0.02 fish per net set and relative
abundance was 0.1%. Collectively, these data indicate that pygmy
whitefish abundance at Bead Lake was lower in 2004 as compared
to 1994 and 1999. Non-indigenous lake trout and burbot are currently present in Bead Lake. Lake trout were introduced into Bead
Lake by WDFW in 1921 (Dibble and Kinney 1923) and burbot were
probably introduced illegally in about 1965 (Rader 2005; Rader and
Scholz 2005). Both species prefer colder waters of the hypolimnion
so it is possible that either species could encounter and prey on
pygmy whitefish. However, both species had coexisted with pygmy
whitefish for a number of years prior to the WDFW sampling in
1994 and 1999, when pygmy whitefish were relatively abundant, so
it is unclear how either species could be responsible for the recent
decline. Bead Lake also contains a large population of northern
pikeminnow. No pygmy whitefish were found in the diets of lake
trout (n = 27), burbot (n = 25) or northern pikeminnow (n = 97)
from Bead Lake in 2004 (Rader 2005).
Pygmy whitefish occur in three lakes near the headwaters of
the Yakima River. Pygmy whitefish were first collected in Lake Cle
Elum in 1978 (Mongillo and Falconer 1980) and were still present
during the 1993–1997 WDFW pygmy whitefish survey (Hallock and
Mongillo 1998). Pygmy whitefish were collected in lakes Keechelus
and Kachess in 1980 (Mongillo and Faulconer 1982) and were
still present during the 1993–1997 WDFW pygmy whitefish survey
(Hallock and Mongillo 1998). Gill nets were used to sample Waptus
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Lake in the Cle Elum drainage above Cle Elum Lake, in 1996 but no
pygmy whitefish were caught (Wolf et al. 1997).
Pygmy whitefish were collected in Lake Chelan during the
1993–1997 WDFW pygmy whitefish survey (Hallock and Mongillo
1998). Current status of the Lake Chelan population in unknown.
Taken together, these observation indicate the pygmy whitefish
have been eliminated from 50 percent of their range (n = 6 of 12
lakes) in eastern Washington. What appeared to be two stronghold populations, at Bead and Sullivan Lakes, during the 1993–
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1997 WDFW surveys appear to be suffering significant declines in
abundance.
Pygmy whitefish at Chester Morse and Crescent Lake in western Washington are disjunct populations in the sense that occur
outside of the Rocky Mountains and Columbia/Fraser Plateaus,
which form the backbone of their range. Myers (1932) initially
identified those from Crescent Lake as a new species Prosopium
snyderi which was later determined to be a junior synonym of P.
coulteri (Eschmeyer and Bailey 1954).

Fishes of Eastern Washington: A Natural History

Subfamily Coregoninae

MOUNTAIN WHITEFISH
Prosopium williamsoni (Girard, 1856)
Primary Identification

Confirming Characters

1.

Adipose fin present. Axillary process present at front
base of pelvic fins.

1.

One flap between anterior and posterior nares (see
Figure 14.1 page 912).

2.

Silvery color with large scales (74–90 in lateral line row).

2.

Small mouth, slightly subterminal.

3.

Head is slightly convex between nape and snout (see
Figure 15.8).

3.

Dorsal rays: 11–15; Anal rays: 10–13, pyloric caeca:
50–146.

4.

Gill rakers 9–26 (stubby, stout).
convex nape

Figure 15.8

Mountain whitefish, Long Lake, Spokane River, Spokane/Stevens counties, WA. Inset shows detail of sub-terminal mouth.

Similar Species
1.

2.

3.

Pronunciation
Prosopium - Prō-sō-pi-ŭm (Prō-sō-pē-ŭm)

Pygmy whitefish have distinctly blunted snout, one flap
between anterior and posterior nares, and 54–70 scales
in the lateral line row.

williamsoni - william-sony (as in Sony Electronics)

Lake whitefish have a head that is slightly concave
between the nape and snout, and two flaps between
anterior and posterior nares.

Common name(s)

Arctic grayling have a long, sail-like dorsal fin (16–25
rays).

Etymology
Prosopium: (G.) prosop = face, -ium = small. The name means
small face or mask in reference to large preorbital bones in front
of the eye.
williamsoni: Latinized name to honor United States Army Lieut.
R.S. Williamson, who commanded the United States Pacific
Railroad Survey Expedition team that surveyed California and
Oregon and obtained the first specimen of mountain whitefish.

Mountain whitefish (AFS name); xwxwýucń (pronounced hw-hwyoo-tsn, Spokane Indians, Osterman 1995, the name means ‘sharp,
pointed mouth’); x wex wiýútsn (Colville/Okanogan Indians,
Kennedy and Bouchard, 1975); cim-ey (Nez Perce Indians); Rocky
Mountain whitefish; Williamson’s whitefish; mountain herring;
grayling (in Alberta – see Whitehouse 1919), starlet (local name,
Yellowstone River, MT –see Curtis 1884: 335), Yellowstone whitefish (Simon and Simon 1939: 48), and chiselmouth jack (name used
by D.S. Jordan and J.O. Snyder to describe Coregonus oregonius),
Coues’ whitefish.

Systematic notes
First described as Coregonus williamsoni by Girard (1856:136). The
type specimen was collected in the Deschutes River, Oregon by
Dr. J.S. Newberry during the Pacific Railroad Survey of California
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and Oregon. Soon after, Milner (1874:88) described a specimen
collected from east of the Continental Divide in Chief Mountain
(Waterton) Lake (located in Glacier National Park, Montana),
Saskatchewan River drainage, as Coregonus couesi. Bean (1884: 37)
placed C. couesi in synonymy with C. williamsoni, stating that
he could find no discernible difference. Jordan (1891: 49) recognized Coregonus cismontanus from east of the Continental Divide
in the Madison River (Missouri River Basin), near Yellowstone
National Park, Montana. Mountain whitefish from east of the
Divide were smaller and more slender than those collected west of
the Divide. Specimens collected east of the Divide also tended to
have smaller adipose fins than those collected west of the Divide.
In their systematic revision of the whitefishes, Evermann and
Smith (1896: 291, 2944) decided that C. couesi was a junior synonym of, and C. cismontanus was a subspecies of Coregonus williamsoni. Jordan and Snyder (1909: 429) reaffirmed this diagnosis in their statement that, “Coregonus couesi Milner, from Chief
Mountain Lake, … is doubtless the same as Coregonus cismontanus.
Coregonus couesi and Coregonus cismontanus represent at the most
a subspecies of Coregonus williamsoni.” In the same report, Jordan
and Snyder (1909: 425) gave the scientific name Coregonus oregonius and common name chiselmouth jack to describe a new species of whitefish from the McKenzie River, Oregon. Jordan and
Snyder distinguished the species from Coregonus williamsoni by its
odd kype-shaped snout and large adipose fin (with long base and
high profile). Jordan later called this fish Irillion oregonius (Jordan
1909: 342) but that name was never adopted by the scientific community. I believe that the chiselmouth jack was a Pinocchio variant
of mountain whitefish (See page 1023).
Milner (1874) and Jordan (1878) first used Prosopium as a subgenus to distinguish whitefish of western North America from
those of eastern North America. Jordan and Snyder (1909) speculated that together with Coregonus quadrilateralis (now Prosopium
cylindraceus, round whitefish) and Coregonus colterii (pygmy
whitefish), should be placed in the genus Prosopium. Prosopium
was distinguished from Coregonus by having fewer and shorter gill
rakers, a relatively slender body, smaller and more inferior mouth,
and large preorbital bones that gave the appearance of a mask.
Prosopium was first used as a generic name by Jordan,
Evermann and Clark (1930), who described the mountain whitefish under three different names Prosopium williamsoni (for specimens west of the Continental Divide), Prosopium williamsoni cismontanus (for populations east of the Continental Divide in the
Missouri River drainage), and Prosopium oregonious (for the odd
specimens collected in the McKenzie River, Oregon). These names
were employed by their contemporaries. For example, Schultz and
DeLacy (1935/1936) in their publication of distribution records for
fishes of Washington, Oregon and adjoining regions used P. williamsoni and P. oregonius, as did Schultz (1936) in his key to fishes
of Washington and Oregon. Simon and Simon (1939) in their field
guide to Wyoming fishes used names P. williamsoni williamsoni to
describe mountain whitefish from the Green, Snake and Bear River
drainage (rivers west of the Continental Divide in the Columbia
and Colorado Basins) and P. williamsoni cismontanus to describe
mountain whitefish in the Bighorn, Tongue and Yellowstone Rivers
(rivers east of the Continental Divide in the Missouri River Basin).
Schultz (1941:23) in his examination of fishes from Glacier
National Park, concluded that C. cousei Milner and C. williamsoni
cismontanus Jordan [P. williamsoni cismontanus (Jordan)] were in1052

distinguishable from P. williamsoni and recommended placing all in
synonymy with the latter name. Holt (1960) conducted a morphometric and meristic study of mountain whitefish from the Columbia
(5 populations), Missouri (5 populations) and Bear (2 populations)
River systems, which included examples of P. oregonius from the
McKenzie River. Based upon overlap of characters, she concluded
that: 1) subspecies status of mountain whitefish population east and
west of the Continental Divide was not warranted; and 2) collections
of P. oregonius from the McKenzie River were not distinguishable
from P. williamsoni collected at other locations. Thus, she united P.
williamsoni cismontanus and P. oregonius with P. williamsoni. This
revision has been recognized by all subsequent authors.
Norden discussed phylogenetic relationships of mountain whitefish (1961), and evolution and distribution of genus
Prosopium (1970). Vourinen et al. (1998) described the phylogeny of five Prosopium species with comparison to other members
of Sub-family Coregoninae based on isozyme electrophoresis.
Northcote (1957), McPhail and Lindsey (1970), Brown (1971), Scott
and Crossman (1973), Wydoski and Whitney 1979, 2003), Moyle
(1976, 2002) and Simpson and Wallace (1982) have provided excellent reviews of the life history, ecology and management of mountain whitefish.

Scientific Synonyms
Coregonus williamsoni original description.

Girard (1856: 136) ~Deschutes River, Oregon.

Coregonus williamsoni: Girard

Girard (1858: 326); Günther (1866: 187); Cope (1872:469); Hallock
(1877: 350); T.H. Bean (1882: 90; 1884: 37) ~Garrison and Mill
Creek near Walla Walla, Washington collected by Captain C.
Bendire, United States Army; Jordan and Gilbert (1883: 297);
Gill in Boode (1888: Ωiii); Eigemann and Eigenmann (1892: 961);
Evermann (1893: 47; 1899: 371) ~Common in Lake Chelan,
Washington; B.A. Bean (1895: 55) ~Spokane and Little Spokane
rivers, Washington; Eigenmann (1895: 115); Gilbert and Evermann
(1895: 48) ~ Spokane, Little Spokane, Naches, and Columbia rivers,
Washington (and numerous other locations in Idaho, Montana,
and Washington); Evermann and Smith (1896: 271); Jordan and
Evermann (1896–1900: 463); Evermann and Meek (1897: 22) ~Lake
Pend Oreille, Idaho; Evermann and Goldsborough (1907: 99);
Jordan (1907: 114); Snyder (1908: 183); Ellis (1914: 75) ~native distribution in Colorado; Whitehouse (1919: 50) ~distribution records for Alberta and British Columbia; Smith and Kendall (1921:
17); Fowler (1923: 280) ~Okanogan Lake, British Columbia; Locke
(1929: 180); Schultz (1929: 45); Shapovalov et al. (1939: 171).

Coregonus williamsonii Girard
Cope and Yarrow (1875: 682).

Coregonus williamsoni

Keil (1928: 118) ~Idaho.

Prosopium williamson: (Girard)

Jordan, Evermann, and Clark (1930:65); Schultz (1931: 16;
1936: 139; 1941: 23) ~Glacier Park, Montana; Schultz and Delacy
(1935/1936: 374); Schultz and Hanson (1335: 26); Clemens (1939:
27) ~Okanogan Lake, British Columbia; Dymond (1936: 65;
1947: 80); Carl and Clemens (1948: 92); Miller and Miller (1948: 92);
Beckman (1953: 16); Carl, Clemens, and Lindsey (1959: 40; 1967: 40);
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Shapovalov, Dill, and Cordone (1959: 171); Holt (1960: 192); Bailey
et al. (1960: 11, 1970: 17); La Rivers (1962: 325); Sigler and Miller
(1963: 58); Willock (1969: 1442) ~Milk River, Alberta; McPhail and
Lindsey (1970: 115); Bond (1973: 11); Everhart and Seaman (1971: 24);
Scott and Crossman (1973: 291, 1996: 291); Moyle (1976: 109).
Gray and Dauble (1977: 212) ~Hanford Reach, Columbia River,
Washington; Lee et al. (1980 102); Robins et al. (1980: 102); Wydoski
and Whitney (1979: 35, 2003: 87); Simpson and Wallace (1982: 19);
McGinnis (1984: 137); Sigler and Sigler (1987: 106; 1996: 201); Page
and Burr (1991: 46).

Prosopium williamsoni (Girard, 1856)

Robins et al. (1991: 28); Nelson et al. (2004: 85); Scholz and
McLellan (2009: 167; 2010: 419).

Prosopium williamsoni:

Behnke (1965: 246); Patten et al. (1970: 1) ~Yakima River,
Washington; Brown (1971: 44); Maughan (1976: 80)
~Clearwater, North Fork Clearwater, Selway, and Lochsa rivers, Idaho; Holton and Johnson (1996: 69).

Coregonus cismontanus sp. nov.

Jordan (1891: 49) ~Yellowstone River, Wyoming, Montana.

Coregonus williamsoni cismontanus Jordan

Gill in Goode (1888: XLVI); Evermann and Cox (1896: 413)
~Tongue River, Montana; Evermann and Smith (1896: 294);
Jordan and Evermann (1896–1900: 463); Henshall (1906: 4);
Smith and Kendall (1921: 17); Simon (1951: 29) ~Missouri River
drainage, Wyoming.

Prosopium williamsoni cismontanus (Jordan)

Jordan, Evermann, and Clark (1930: 65); Simon and Simon
(1939: 48) ~Bighorn and Yellowstone rivers, Wyoming.

Prosopium williamsoni williamsoni: (Girard)

Simon and Simon (1939: 48) ~Green, Snake, and Bear rivers,
Wyoming.

Coregonus couesii sp. nov.

Milner (1874: 88) ~ Chief Mountain Lake (Waterton Lake),
Glacier National Park, Montana (North Sasktchewan River
drainage).

Coregonus couesii Milner
Jordan (1878: 362).

Prosopium couesii (Milner)
Jordan (1878: 362).

Coregonus oregonius sp. nov. Chiselmouth jack

Jordan and Synder (1909: 425) ~McKenzie River, Oregon,
USNM cat. No 62987.

Irillion oregonius (Jordan and Snyder)

Jordan (1919: 342); Jordan, Evermann and Clark (1930: 66).

Prosopium oregonius (Jordan and Synder)

Schultz and Delay (1935/1936: 374); Schultz and Hanson
(1935: 26); Schultz (1936: 16: 1936 reprint 1953: 140).

Prosopium oregonium
Dymond (1943: 201).

Distribution and Stock Status
Mountain whitefish were native to the northern Rockies, Pacific
Northwest and parts of the Great Basin. In the United States,
mountain whitefish were recorded from Washington, Idaho,
Montana, Wyoming, and northern parts of Colorado, Utah,
Nevada and California (Scott and Crossman 1973; Lee et al. 1980).
Their presence in southeast Alaska is uncertain. Mecklenburg et
al. (2002) did not list any records for Alaska but their presence has
been recorded in rivers that originate in British Columbia and
flow through the Alaskan Panhandle to the Ocean.
In Alberta, mountain whitefish were reported in the headwaters
of the Milk and Bow rivers (Missouri River drainage) and Peace
River (McKenzie River drainage) (Whitehouse 1919; McPhail and
Lindsey 1970; Paetz and Nelson 1970; Scott and Crossman 1973;
Nelson and Paetz 1992). It is most abundant in Canadian Rockies
and foothills but has been collected in the Athabasca drainage near
the Saskatchewan border (Nelson and Paetz 1992).
In British Columbia, mountain whitefish were reported
throughout the Columbia and Fraser River Basins, Laird and
Peace Rivers (McKenzie River Basin), and in the Taku, Klinaklini;
Bella Coola, Skeena, Nass and Stikine rivers (Pacific Coastal drainages) (Dymond 1932, 1936, 1943; Carl and Clemens 1948, 1953;
Lindsey 1956; Carl et al. 1967; McPhail and Lindsey 1970; Scott and
Crossman 1973; Lee et al. 1980). In the Columbia Basin, British
Columbia, mountain whitefish were collected in the Columbia
mainstem at Kickinghorse (Eigenmann and Eigenmann 1892),
at Golden and Revelstoke (Evermann and Goldsborough 1907),
and at Arrow, Columbia and Windermere lakes (Dymond 1936).
Additionally, mountain whitefish were collected in the Kootenay
River sub-basin in St. Mary’s Lake, Goat River, Moyie River/
Lake, Kootenay Lake, Slocan Lake/River, Kootenay river below
Kootenay Lake; in the Kettle River sub-basin at Christina Lake; in
the Okanogan sub-basin at Okanogan Lake and in Watshan Lake
(tributary that joins Columbia in lower Arrow Lake) (Evermann
and Goldsborough 1907; Dymond 1936; Clemens 1939; McHugh
1939).
In Colorado, mountain whitefish were native to (and abundant
at) several localities in the Yampa and White Rivers which join
the Green River, Colorado River Basin, in Utah (Ellis 1914). They
were introduced into the Cache la Poudre and Roaring Fork river
drainages, tributaries of the upper Colorado River, in 1955 (Fuller
et al. 1999). From these locations they dispersed into the upper
Colorado River (Fuller et al. 1999).
In Wyoming, mountain whitefish occurred on both sides of
the Continental Divide (Jordan 1891; Evermann 1895; Evermann
and Cox 1896b; Evermann and Smith 1896; Simon 1939, 1946,
1951; Baxter and Simon 1970; Baxter and Stone 1996). The following was derived from distribution maps and notes in Baxter and
Simon (1970) and Baxter and Stone (1996). East of the Continental
Divide, mountain whitefish occurred in the Madison, Yellowstone,
Bighorn and Tongue Rivers, and other headwater tributaries of
the upper Missouri River. In the Yellowstone, they occurred below the falls and in the Bighorn River, where they occurred in the
mainstem and tributaries downstream from the confluence of the
Nowood River. West of the Divide, mountain whitefish occurred
in the Columbia and Colorado Basins. In the Columbia Basin,
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Mountain whitefish distribution in eastern Washington.

their presence was confirmed in the Snake River and its headwater tributaries east of the Grand Tetons and upstream of Jackson
Hole (Evermann 1893). They were also found in the Bear River,
a tributary that joins the Snake River in Idaho. In the Colorado
River Basin, mountain whitefish were present in the Green River
and several of its tributaries (Big Sandy, Harris and Muddy Rivers).
They were recorded in the Little Snake River drainage in south
central Wyoming, which flows into the Yampa and Green rivers.
They were not reported from the North Platte River (southeastern
Wyoming), Belle Forche River (northeastern Wyoming) or other
rivers that drained east into Nebraska.
In Utah, mountain whitefish were abundant in the Bear,
Logan and Weber river drainages (Snake River Basin) (Sigler and
Miller 1963). Their presence was also noted in the Green, White
and Yampa Rivers near Dinosaur National Park in northeastern
Utah (Colorado River Basin); in the Sevier River, Bonneville Basin
in central Utah; and the Escalante River, which drains into the
1054
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Colorado River at Lake Powell (Glen Canyon) in south central
Utah (Sigler and Sigler 1996).
In Nevada, mountain whitefish were native in the Humboldt
River and its tributaries in the northern Great Basin, and also the
Lahontan Basin east of the Sierra Nevada mountains along the
California border (La Rivers 1962). Their distribution in California
was confined to the lakes and streams of the Lahontan Basin e.g.,
Walker River, Lake Tahoe and tributaries (Moyle 1976, 2003).
In Oregon, mountain whitefish occurred in Columbia River
and most of its major tributaries (Willamette, Deschutes, John Day,
Umatilla, Grand Ronde, Wallowa, Imnaha, Burnt, Malheur, and
Owyhee rivers) (Girard 1856,1858; Eigenmann 1895; Schultz and
DeLacy 1935/1936; Schultz 1936; Bond 1973; Lee et al. 1980). It also
was present in the Harney Basin in south central Oregon where it
occurs in the Silvies and Silver rivers that drain into Harney and
Malheur sink lakes. Additionally, mountain whitefish were native
to streams in southeastern Oregon that drained into the Humboldt
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River. The mountain whitefish was apparently absent from the
Klamath River Basin, Oregon and California, and coastal streams
west of the Cascade Mountains in Oregon.
In Montana, mountain whitefish were native in the foothills
and valleys of the Rocky Mountains in the western half of the state
but were generally absent from the high plains in the eastern half
of the state (see distribution maps in Brown 1971 and Holton and
Johnson 1996). Mountain whitefish were native to the mainstems
and tributaries of the Clark Fork/Flathead and Kootenai Rivers
(Columbia River Basin) west of the Continental Divide (Evermann
1893; Evermann and Smith 1896; Henshall 1906; Weisel 1957;
Brown 1971; Holton and Johnson 1996). Evermann (1893) noted its
presence in the Swan and Jocko rivers (Flathead system) and Big
Blackfoot, Cottonwood Creek, and Little Blackfoot Rivers (Clark
Fork System). Schultz (1941) recorded it from lakes and streams
in the upper Flathead Basin in Glacier National Park. Distribution
maps in Brown (1971) and Holton and Johnson (1996) indicated
its presence in the Bitterroot, St. Regis, Thompson and Bull rivers,
tributaries of the Clark Fork; the Whitefish River, tributary of upper Flathead River; and also in the Kootenai and Yaak rivers in the
northwestern corner of Montana.
Mountain whitefish were also present in Montana in two
drainage basins east of the Continental Divide. They were native to Chief Mountain Lake (Waterton Lake) in Glacier National
Park, which is a headwater of the south Saskatchewan River
(Hudson Bay drainage) (Evermann and Smith 1896; Schultz 1941).
Additionally, mountain whitefish were native in the Beaverhead
River near Dillion, Montana; Red Rock River and lakes near
Monida, Montana (west of Yellowstone National Park); and in
the Firehole and Gibbon Rivers, which join to form the Madison
River in Yellowstone National Park, upper Missouri Basin (Jordan
1889; Evermann 1893; Henshall 1906). Distribution maps in Brown
(1971) and Holton and Johnson indicated the presence of mountain
whitefish in the upper Yellowstone River and two of its principle
tributaries (Bighorn and Tongue Rivers).
In Idaho, the mountain whitefish were distributed in most of
the major river systems throughout the state (Eigenmann 1895;
Gilbert and Eigenmann 1895; Keil 1928; Laumeyer 1976; Maughan
1976; Simpson and Wallace 1982). Mountain whitefish were recorded in the Snake River, mainstem Henry’s Fork Snake River,
Bear River and Lake in southeastern Idaho, Malad River, Big Wood
River and Salmon Falls Creek (tributaries of Snake River in south
central Idaho); Boise and Payette rivers (tributaries of the Snake
River in south central Idaho); Salmon and Clearwater rivers (tributaries of the middle Snake River in west central Idaho); Coeur
d’Alene, St. Joe and St. Maries rivers (inlet tributaries of Coeur
d’Alene Lake), and the Spokane River outlet of Coeur d’Alene Lake
(Spokane River Basin); Clark Fork, Lake Pend Oreille, Pend Oreille
River, Priest Lake and Priest River (Pend Oreille River Basin) that
drain through the Pend Oreille River, Washington and British
Columbia, to join the Columbia where it crosses the international
border; and the Kootenai and Moyie rivers (Kootenai River Basin)
that flow into Kootenay Lake and down the Kootenay River, British
Columbia to its confluence with the Columbia River about 50 km
above the international border.
The mountain whitefish was naturally distributed throughout
the state of Washington. It was present east of the Cascade Range
in the Columbia River and tributaries upstream of Bonneville
Dam (Lee et al. 1980). It was present west of the Cascade Range

in tributaries of Puget Sound, in coastal drainages on the Olympic
Peninsula, and in the Columbia River and tributaries downstream
from Bonneville Dam (Lee et al. 1980).
Mountain whitefish occur in 20 of 21 eastern Washington counties (Figure 15.9 and Table 15.7), being absent only from Adams
County. Mountain whitefish occurs throughout the Columbia and
Snake river mainstems; Pend Oreille, Kettle and Spokane Sub-basins
(northeastern Washington); Sanpoil, Nespelem and Okanogan Subbasins in the Okanogan Highlands of North Central Washington; in
the Methow, Lake Chelan, Entiat, Wenatchee and Yakima Sub-basins
on the eastern slopes of the Cascade Range; in Rock Creek, Klickitat,
and White Salmon Sub-basins that join the Columbia River mainstem in the Columbia Gorge, and in the Grande Ronde, Asotin
Creek, and Tucannon Sub-basins in southeastern Washington that
join the Snake River; and in the Walla Walla/Touchet Sub-basin
which joins the Columbia about 30 km below the Columbia/Snake
confluence. Mountain whitefish may occur in the system of natural
and artificial lakes and streams associated with the Columbia Basin
irrigation project in Grant, Douglas, Adams and Franklin counties
having been pumped up from Lake Roosevelt.
The mountain whitefish is absent from the Columbia Plateau and
Palouse regions east of the Columbia River, south of the Spokane and
north of the Palouse River. Major drainages within this area include
the Palouse and Upper Crab Creek Sub-basins. None have been collected in the Douglas/Moses Coulee Creek Sub-basin. No mountain
whitefish were found in the Palouse River and its principle affluents
(Cow Creek, Willow Creek, Union Flat Creek, Rock/Pine Creek,
Rebel Flat Creek), above Palouse Falls (10 km above the Palouse/
Snake confluence), when electrofishing, gillnetting and trapping surveys were conducted at 183 sites. (Havens 1996; 1997; McLellan 2000;
Glover 2004; Fox 2005; Phillips 2006; Porter 2006).
None were found during electrofishing, seining, fyke netting,
gillnetting and angling surveys at 27 sites in the upper Crab Creek
mainstem or tributaries (Bluestem, Rock, Sheep, Lords, Coal, Lake,
Cannawai and Wilson Creeks) in Lincoln and Grant counties
(Evermann and Nichols 1909; Schultz and DeLacy 1935/1936; Scholz
1999, 2000, 2001) or in Coffeepot Lake (Divens and Phillips 2002),
Upper and Lower Twin Lakes (Divens and Osborne 2005) or Deer
Springs Lake (Moran and Divens 2006) in the Lake Creek Drainage.
Mountain whitefish are present in Bonneville Reservoir (Hjort
1991), the Dalles Reservoir (Lake Celilo), John Day Reservoir (Lake
Umatilla) (Hjort 1991; Barfoot et al. 2002), McNary Reservoir (Lake
Wallula) (Nelson 1981), the Hanford Reach (Gray and Dauble 1977;
Burley and Poe 1994; Pfiefer et al. 2001), Priest Rapids Reservoir
(Dell et al. 1975; Burely and Poe 1994; Pfiefer et al. 2001), Wanapum
Reservoir (Dell et al. 1975; Burely and Poe 1994; Pfiefer et al.
2001), Rock Island Reservoir (Burely and Poe 1994), Rocky Reach
Reservoir (Lake Entiat) (Dell et al. 1975; Burely and Poe 1994; Duke
Engineering 2001), Wells Reservoir (Lake Pateros) (Dell et al.
1975; McGee 1979; Burely and Poe 1994; Kvam et al. 1999), Chief
Joseph Reservoir (Lake Rufus Woods) (Laumeyer 1972; Erickson
et al. 1977; Beeman et al. 2003; Godamski et al. 2004), and Grand
Coulee Reservoir (Lake Franklin D. Roosevelt) (see references of
Table 15.7). On the mainstem of the Columbia River in eastern
Washington mountain whitefish are also present in Ice Harbor
Reservoir (Lake Bryan) and Lower Granite Reservoir on the Lower
Snake River in eastern Washington (Bennett et al. 1983; Arntzen
et al. 2012).
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Table 15.7

Distribution of mountain whitefish in eastern Washington, listed alphabetically by county and location. UW refers to
Univeristy of Washington Fish Collection. UMMZ refers to the University of Michigan Museum of Zoology Fish Collection.
SU or CAS refers to Stanford University/California Academy of Sciences Fish Collection. UBC refers to the University of
British Columbia Fish Collection. (Page 1 of 5.)

County

Location

Reference

Adams

No records found

Asotin

Asotin Creek

Meyer & Schmuck(2004, 2008); Meyes et al. 2006, 2007, 2010)

Asotin

Grande Ronde River

Newack & Kukenbecker (2004)

Asotin

Snake River (Lower Granite Reservoir)

Bennett et al. (1983); Bennett and Shrier (1986, 1987); Bennett et al. (1988, 1991,
1993, 1994, 1995, 1997, 1999); US ACE(2002); Bennett and Seybold (2004, 2005);
FPC (2011); Arntzen et al. (2012)

Benton

Columbia River (John Day Reservoir)

Gray et al. (1984); Palmer (1986); Hjort et al. (1991); Ward (2000, 2001, 2003, 2004);
Burner et al. (2000); Barfoot et al. (2002); FPC (2011)

Benton

Columbia River (Hanford Reach)

UW 5260 (1945); UMMZ (UW 5262, 1945); UMMZ (UW 5260, 1945); Gray and
Dauble (1977); Dawley (1996); Burley and Poe (1994); Pfiefer et al (2001)

Benton

Columbia River (McNary Reservoir)

UW 14472 (1958); UW 14163 (1959); Nelson (1981); FPC (2011)

Benton

Yakima River

UW 46740 (1958); UW 16789 (1961); Patten et al. (1970); Mongillo and Falconer
(1980, 1982); Pearsons et al. (1999, 2001, 2002, 2003); Karp et al. (2002)

Chelan

Chiwawa River

Mullan et al. (1986, 1992); Hillman and Miller (2002, 2005); USNM 377508 (ND);
USNM 383370 (ND);

Chelan

Columbia River (Wanapum Reservoir)

Dell et al. (1975); Burley & Poe (1994); Pfiefer et al. (1994)

Chelan

Columbia River (Rock Island Reservoir)

USNM 104483 (Royal 1934); USNM 104484 (Royal 1934); UW 46715 (1959); UW
46750 (1959; Burley and Poe (1994); FPC (2011)

Chelan

Columbia River (Rocky Reach Reservoir)

Dell et al. (1975); Burley & Poe (1994); Duke Engineering (2001)

Chelan

Columbia River (Wells Reservoir)

Dell et al. (1975); McGee (1979); Burley & Poe (1994); Kvam et al. (1999)

Chelan

Dryden Ditch

UW 5432 (1938); UMMZ (UW005432, 1938)

Chelan

Entiat River

Mullan et al. (1992); Kelly-Ringel et al. (2009, 2010)

Chelan

Icicle Creek (Wenatchee River)

Mullan et al. (1986, 1992)

Chelan

Lake Chelan

Evermann (1899); Schultz & DeLacy (1935, 1936)

Chelan

Little Wenatchee River (Wenatchee River)

Mullan et al. (1986, 1992); Gressell (2003, 2004)

Chelan

Mad River (Entiat River)

Mullen et a. (1992)

Chelan

Nason Creek (Wenatchee River)

Mullan et al. (1986, 1992); Prevett (2006)

Chelan

Wenatchee River

Mullan et al. (1986, 1992); Murdoch et al. (1988, 1989, 2000, 2003, 2004, 2005,
2006); USNM 383752 (ND)

Chelan

White River (Wenatchee River)

Mullan et al. (1986, 1992); USNM 377526 (ND)

Columbia

Snake River (Lower Monumental Reservoir)

Bennett et al. (1983); FPC (2011);; Arntzen et al. (2012)

Columbia

Snake River (Little Goose Reservoir)

Bennet et al. (1983); Ward (2000, 2001, 2003, 2004); Bennett & Seybold (2004,
2005); FPC (2011); Arntzen et al. (2012)

Columbia

Tucannon River

D.W. Kelly & Associates (1982); Gallinet & Ross (2005, 2006, 2007); Baumgarner
(2006)

Douglas

Columbia River (Wanapum Reservoir)

See Chelan County

Douglas

Columbia River (Rock Island Reservoir)

See Chelan County

Douglas

Columbia River (Rocky Reach Reservoir)

See Chelan County

Douglas

Columbia River (Chief Joseph Reservoir)

Laumeyer (1972); Erickson et al. (1977); Beaman et a. (2003); Gadomski et al. (2004)
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Table 15.7 continued

Distribution of mountain whitefish in eastern Washington. (Page 2 of 5.)

County

Location

Reference

Ferry

Columbia River (Grand Coulee Reservoir)

Gangmark& Fulton (1949); Earnest et al. (1965); Fulton & Laird (1967); Stober et al.
(1977); Harper et al. (1981); Nigro et al. (1982, 1983); Beckman et al. (1985); Peone
et al. (1990); Griffith and Scholz (1991); Tatcher et al. (1993, 1996); Underwood &
Shields (1996, 1997); Underwood et al. (1996); Cichosz et al. (!997, 1999); McLellan
et al. (!998, 2001, 2005, 2006, 2007, 2008, 2009, 2010); McLellan & Scholz (2001,
2003, 2004); Baldwin & Polacek (2002); Lee et al. (2003, 2006, 2010); Fields et al.
(2004); Scofield et al. (2004); Pavlik-Kunkel et al. (2005); WDFW-FWIN (2003, 2004,
2005, 2006, 2007, 2008, 2009, 2010, 2011).

Ferry

Kettle River

Nielson (1975, 1977, 1978); Duff et al. (1981, 1982); Troffe (1999); McLellan et al.
(2001); McLellan & Scholz (2001, 2002, 2003); McLellan & Veil (2005); UBC 540276;
UBC 540227; UBC 540228; UBC 540282

Ferry

Kettle River (South Fork)

UBC 560299

Ferry

Sanpoil River

LeCaire (1999, 2000); Hauser (2008, 2009); Nine (2008, 2009); Wolvert & Nine (2010)

Ferry

Sanpoil River Arm of Lake Roosevelt

McLellan et al. (1998, 2001, 2005, 2008, 2010); McLellan & Scholz (2001, 2002,
2003); Stroud et al. (2010a, 2010b)

Ferry

Sanpoil River (West Fork)

Nine (2005)

Franklin

Columbia River (Hanford Reach)

See Benton County

Franklin

Snake River (Ice Harbor Reservoir)

Bennett et al. (1983); Gassel (1996); Arntzen et al. (2012)

Franklin

Snake River (Lower Monumental Reservoir)

See Columbia County

Garfield

Snake River (Little Goose Reservoir)

See Columbia County

Garfield

Snake River (Lower Granite Reservoir)

See Asotin County

Grant

Banks Lake

Stober et al. (1967, 1973, 1974, 1975, 1976, 1977); Polacek et al. (2003); WDFWFWIN (2003, 2004, 2005, 2006, 2007, 2008, 2009, 2010, 2011); Polacek & Shipley
(2006, 2007)

Grant

Columbia River (Hanford Reach)

See Benton County

Grant

Columbia River (Priest Rapids Reservoir)

Dell et al. (1975); Burley & Poe (1984); Pfiefer et al. (2001)

Grant

Columbia River (Wanapum Reservoir)

See Chelan County

Grant

Mose Lake

Grouts (1951)

Grant

Red Rock Coulee

KWA Ecological Consultants (2004)

Kittitas

Badger Creek

McMichael et al. (1992); Pearsons et al. (1992, 1994)

Kittitas

Cherry Creek

McMichael et al. (1992); Pearsons et al. (1992, 1994)

Kittitas

CleElum Reservoir

Mongillo & Faulconer(1980, 1982)

Kittitas

CleElum River

McMichael et al. (1992); Pearsons et al. (1992, 1994)

Kittitas

Columbia River (Priest Rapids Reservoir)

See Grant County

Kittitas

Kachess Lake

UW 40983 (1978); UW 40984 (1979); Mongillo & Faulconer(1980, 1982)

Kittitas

Keechelus Lake

Mongillo & Faulconer(1980, 1982)

Kittitas

Little Kachess Lake

Mongillo & Faulconer(1980, 1982)

Kittitas

Manatash Creek

McMichael et al. (1992); Pearsons et al. (1992, 1994)

Kittitas

Shea Creek

UW 19828 (1968); UW 20557 (1969)

Kittitas

Tancum Creek

McMichael et al. (1992); Pearsons et al. (1992, 1994)

Kittitas

Teanaway River (North Fork)

McMichael et al. (1992); Pearsons et al. (1992, 1994)

Kittitas

Tributary Yakima River @ Ellensburg, WA

UW 44980 (1958)

Kittitas

Wilson Creek

McMichael et al. (1992); Pearsons et al. (1992, 1994)

Kittitas

Yakima River

Temple et al. (2008); see Benton County
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Table 15.7 continued

Distribution of mountain whitefish in eastern Washington. (Page 3 of 5.)

County

Location

Reference

Klickitat

Columbia River (Bonneville Reservoir)

SU 59773 (W. Rich 1915); Hjort (1991); FPC (2011)

Klickitat

Columbia River (The Dalles Reservoir)

Johnson (1999); FPC (2011)

Klickitat

Columbia River (John Day Reservoir)

See Benton County

Klickitat

Klickitat River

Connolly et al. (2002)

Klickitat

White Salmon River

UMMZ 72028 (B.W. Evermann 1896); FMNH 1957 (Evermann & Meek 1896);
Pacificorp (1996); Byrne et al. (2001); Thiesdield et al. (2002)

Lincoln

Spokane River RKM 0–45 (Spokane Arm of
Lake Roosevelt)

Peone et al. (1990); Griffith & Scholz (1991)

Lincoln

Spokane River RKM 45–54 (Little Falls
Reservoir)

Heaton (1992)

Okanogan

Antone Creek (Okanogan River)

Kistler et al. (2006); Kistler nad Arterburn (2007)

Okanogan

Bonaparte Creek (Okanogan River)

Kistler et al. (2006); Kistler nad Arterburn (2007)

Okanogan

Chewack River (Methow River)

UW 16030 (1938); Bryant & Parkhurst (1950); Dunnigon (1999)

Okanogan

Chewuch River (Methow River)

Jateff (2008, 2009, 2010, 2011)

Okanogan

Chewuch Ditch (Methow River)

UW 4780 (1938)

Okanogan

Columbia River (Wells Reservoir)

See Chelan County

Okanogan

Fulton Ditch (Methow River)

UW 4653 (1938); UW 4578 (1938); UW 5061 (1938); UW 5377 (1938)

Okanogan

Loup Loup Creek (Okanogan River)

Kistler et al. (2006); Kistler nad Arterburn (2007)

Okanogan

Methow River

UW 4500 (1938); UW 23357 (1938); Bryant & Parkhurst (1950); Williams (1975);
Dunnigan (1999); Wolf et al. (2004); Jateff (2008, 2009, 2010, 2011)

Okanogan

Methow Ditch

UW 4760 (1938); UW 4768 (1938); UW 5027 (1938); UW 5405 (1938); UW 5413
(1938); UMMZ 23357 (1938)

Okanogan

Methow Valley

UW 5134 (1938); UW 5156 (1938)

Okanogan

Nes Pelem River

LeCaire (1998)

Okanogan

Ninemile Creek (Okanogan River)

Kistler et al. (2006); Kistler nad Arterburn (2007)

Okanogan

Okanogan River

Meltugh (1936); Pinsent et al. (1974); Fisher (2002); Johnson et al. (2007); Kistler &
Arterburn (2007)

Okanogan

Omak Creek (Okanogan River)

Kistler et al. (2006); Kistler nad Arterburn (2007)

Okanogan

Osoyoos Lake (Okanogan River)

Pinsent et al. (1974); Fisher (2002); UBC 540316 (ND)

Okanogan

Palmer Lake

Osborne et al. (2003); Peterson & Schmuck (2006b)

Okanogan

Salmon Creek (Okanogan River)

Kistler et al. (2006); Kistler & Arterburn (2007)

Okanogan

Similkameen River (Okanogan River)

Kistler et al. (2006); Kistler & Arterburn (2007)

Okanogan

Tonasket Creek (Okanogan River)

Kistler et al. (2006); Kistler & Arterburn (2007)

Okanogan

Twisp River (Methow River)

UW 4771 (1938)

Okanogan

Tunk Creek (Okanogan River)

Kistler et al. (2006); Kistler & Arterburn (2007)

Okanogan

Wannacut Creek (Okanogan River)

Kistler et al. (2006); Kistler & Arterburn (2007)

Okanogan

Wildhorse Spring Creek (Okanogan River)

Kistler et al. (2006); Kistler & Arterburn (2007)

Pend Oreille

Cee Cee Ah Creek (Pend Oreille River)

Scott (1999); Lockwood et al. (2001)

Pend Oreille

Cedar Creek (Pend Oreille River)

Scott (1999); Lockwood et al. (1999)

Pend Oreille

Chain Lakes

Polaceck & Baldwin (1999)

Pend Oreille

Davis Creek

Kalispel Tribe (1995–2004)

Pend Oreille

Horshoe Lake

Mongillo & Halleck (1995); McLellan et al. 2005)

Pend Oreille

LeClerc Creek (Pend Oreille River)

Ashe & Scholz (1992)
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Table 15.7 continued

Distribution of mountain whitefish in eastern Washington. (Page 4 of 5.)

County

Location

Reference

Pend Oreille

LeClerc Creek (East Branch)

Scott (1999); Lockwood et al. (2001)

Pend Oreille

LeClerc Creek (West Branch)

Scott (1999); Lockwood et al. (2001)

Pend Oreille

Pend Oreille River (Boundary Reservoir)

Peck (1982); BC Hydro (1991); R2 Resource Consultants (1998); McLellan (2000,
2001)

Pend Oreille

Pend Oreille River (Box Canyon Reservoir)

Barber et al. (1989, 1990); Ashe et al. (1991); Bennett & Liter (1991); Ashe & Scholz
(1992); Skillingstadt (1993); Geist et al. (2004); Scholz et al. (2005); Divens &
Osborne (2010); Paluch et al. (2009, 2010, 2011); Paluch (2011)

Pend Oreille

Ruby Creek (Pend Oreille River)

Ashe & Scholz (1992); Kalispel Tribe (1995–2004)

Pend Oreille

Skookum Creek (North Fork)

Scott (1999); Lockwood et al. (2001)

Pend Oreille

Sullivan Creek (Pend Oreille River)

McLellan (2001)

Pend Oreille

Sullivan Lake

Mongillo & Halleck (1995); Nine (2005); Nine & Scholz (2005)

Pend Oreille

Sweet Creek (Pend Oreille River)

McLellan (2001)

Skamania

Columbia River (Bonneville Reservoir)

See Klickitat County

Skamania

Wind River

Connolly et al. (2001); Jezorak & Connolly (2010)

Spokane

Bear Creek (little Spokane River)

McLellan (2002)

Spokane

Deadman Creek (Little Spokane River)

Scholz (2000); McLellan (2004)

Spokane

Little Deep Creek (Little Spokane River)

McLellan (2004)

Spokane

Little Spokane River

USNM 7627D (B. Bean 1892); USNM 76271 (A. Weelman 1892); Gilbert & Evermann
(1895); Bean (1895); Shultz & DeLacey (1935/1936); Hartung & Meier (1980, 1995);
Pfiefer (1988); Johnson (1994, 1997), Scholz (2000, 2001, 2002, 2003); McLellan (2004)

Spokane

Little Spokane River (West Branch)

See Pend Oreille County

Spokane

Spokane River RKM 54–93 (Long Lake
Reservoir)

Fletcher (1981); Peck (1981); Pfeifer (1985); Bennett & Hatch (1991); Hatch (1992);
Johnson (1994a, 1994b); Osborne et al. (2003)

Spokane

Spokane RKM 93–102 (Nine Mile Reservoir)

Smith (1992); McLellan (2003, 2004)

Spokane

Spokane RKM 102–119 (free flowing)

Smith (1992); Peck (!992); Johnson (1993); Maret (1999); McLellan (2002, 2004)

Spokane

Spokane River RKM 119–129 (Monroe Street
Dam to Upriver Dam)

Bean (1985); Gilbert & Evermann (1895); E. Johnson (1992); A. Johnson 1994);
Maret & Dutton (1999); O'Connor & McLellan (2008)

Stevens

Chamokane Creek (Spokane River)

Scholz et al. (1988); Barber (1988); Barber et al. (1988); Butler & Crossly (@005;
2006; 2007)

Stevens

Colville River

H. McLellan & Scholz (2001, 2002, 2003), J. McLellan (2003); H. McLellan et al.
(2004, 2005, 2006, 2007, 2008, 2009, 2010)

Stevens

Columbia River (Grand Coulee Reservoir)

See Ferry County

Stevens

Dragoon Creek (Little Spokane River)

McLellan (2003)

Stevens

Little Chamokane (Spokane River)

Scholz (pers. obs.)

Stevens

Spokane River RKM 0–45 (Spokane Arm of
Lake Roosevelt)

See Lincoln County

Stevens

Spokane River RKM 45–54 (Little Falls
Reservoir)

See Lincoln County

Stevens

Spokane River RKM 54–93 (Long Lake
Reservoir)

See Spokane County

Walla Walla

Columbia River (McNary Reservoir)

See Benton County

Walla Walla

Garrison Creek (Walla Wall River)

USNM 30300 (Bendire 1881); USNM 30301 (Bendire 1881); USNM 30303 (Bendire
1881); USNM 30304 (Bendire 1881);USNM 30305 (Bendire 1881)

Walla Walla

Mill Creek (Walla Walla River)

Mendel et al. (1999–2005); Contor et al. (2003)
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Table 15.7 concluded

Distribution of mountain whitefish in eastern Washington. (Page 5 of 5.)

County

Location

Reference

Walla Walla

Snake River (Ice Harbor Reservoir)

See Franklin County

Walla Walla

Snake River (Lower Monumental Reservoir)

See Columbia County

Walla Walla

Touchet River (Walla Wall River)

Mendel et al. (1999–2005); Contor et al. (2003)

Walla Walla

Touchet River (North Fork)

Mendel et al. (1999–2005); Contor et al. (2003)

Walla Walla

Touchet River (South Fork)

Mendel et al. (1999–2005); Contor et al. (2003)

Walla Walla

Touchet River (Wolf Fork)

Mendel et al. (1999–2005); Contor et al. (2003)

Walla Walla

Walla Walla River

Mendel et al. (1999–2005); Contor et al. (2003); Mahoney et al. (2006, 2009)

Walla Walla

Walla Walla River (South Fork)

Contor et al. (2003)

Walla Walla

Unknown waterbody @ Walla Walla, WA

CAS 209467 (ND)

Whitman

Snake River (Little Goose Reservoir)

See Columbia County

Whitman

Snake River (Lower Granite Reservoir)

See Asotin County

Yakima

Bumping Reservoir

Mongillo & Faulconer(1982)

Yakima

Naches River

E. Anderson, WDFW, Yakima, WA (pers. comm.)

Yakima

Rimrock Reservoir

Mongillo & Faulconer (1982)

Yakima

Naches/Selah Ditch

UW 5420 (1937)

Yakima

Tieton River

E. Anderson, WDFW, Yakima, WA (pers. comm.)

Yakima

Yakima River

USNM 372334 (2002); Also see Benton County

Unknown

Columbia River (Below Bonneville Dam)

UW 5056 (1939)

Unknown

Yakima River

UW 116343 (?); UW 14119 (1957); UW 14138 (1957); UW 15198 (1958); UW 15408
(!958); UW 15431 (1959); UW 15474 (1959)

BC

Columbia River (Below Keenlyside Dam)

Sheffler et al. (1994); RL & L Environmetal Services (1995, 1996)

BC

Columbia River (Arrow Lake)

UBC 550029, UBC 560203

BC

Okanogan Lake (Okanogan River)

Dymond (1936); Clemens (1939); Pinsent et al. (1974); Long (2002)

BC

Skaha Lake (Okanogan River)

Pinsent et al. (1974); Fisher (2002); UBC 540316 (ND)

BC

Vaseaux Lake (Okanogan River)

Pinsent et al. (1974); Fisher (2002)

Mountain whitefish also were found in the Wind River
(Connolly et al. 2001; Jezarek and Connolly 2010), White Salmon
(PacifiCorp 1992; Byrne et al. 2001; Thiesfield et al. 2012) and
Klickitat (Connolly et al. 2002) rivers that enter the Columbia River
in the Columbia River Gorge in Klickitat and Skamania counties.
Mountain whitefish occur in the Walla Walla River and many
of its tributaries including Garrison Creek, Mill Creek and the
Touchet River (Mendel et al. 1999, 2000, 2001, 2002, 2003, 2004,
2005; Contor et al. 2003; Mahoney et al. 2003). In the Touchet
River mountain whitefish have been observed in the mainstem as
well as the North and South and Wolf forks of the Touchet River.
Mountain whitefish were present throughout the Yakima River
mainstem in Benton, Yakima and Kittitas counties (Patten et al.
1970; Pearson et al. 1999, 2000, 2001, 2002, 2003; Karp et al. 2002).
Mountain whitefish occurred at RKM 0, 8, 11, 24, 32, 48, 56, 64, 72, 89,
99, 105, 113, 120, 129, 137, 145, 153, 161, 177, 185, 193, 201, 209, 217, 225, 233,
241, 250, 258, 266 and 281 in the Yakima mainstem (Patten et al. 1970).
In the middle Yakima River, Yakima County, mountain whitefish accounted for 26.6% of the relative abundance of all fishes (n = 11,963
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mountain whitefish among 44,921 total fish) examined by Pearsons
et al. (1991). Mountain whitefish also occurred in irrigation storage
reservoir lakes, Cle Elum, Keechelus, Kachess and Little Kachess
Lake on the Yakima River, Kittitas County as well as Bumping and
Rimrock reservoirs on the Naches River in Yakima County (Mongillo
and Falconer 1980, 1982). The Naches River is a tributary that joins the
Yakima River, in Yakima County, near the city of Yakima.
Mountain whitefish occurred in the major mid-Columbia
tributaries including the Wenatchee, Entiat, Chelan, Methow and
Okanogan rivers that empty into Rock Island, Rocky Reach, Lake
Entiat and Wells (Lake Pateros) reservoirs; although little is known
about their distribution or stock status within each of these sub-basins. In the Wenatchee Sub-basin mountain whitefish were recorded
in the Wenatchee mainstem, Little Wenatchee River, Chiwawa River,
White River, Nason Creek and Icicle Creek (Mullen et al. 1986, 1992;
Murdoch et al. 1998, 1999, 2000, 2003, 2004, 2005, 2006; Grassell 2003,
2004). In the Entiat Sub-basin mountain whitefish were recorded in
the Entiat mainstem and in the Mad River (Mullen et al. 1982; KellyRingel et al. 2009, 2010). In the Chelan Sub-basin mountain whitefish
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were historically present in Lake Chelan (Evermann 1899; Schultz and
DeLacy 1935/1936) but were not recorded by Brown (1984).
In the Methow Sub-basin, Okanogan County, mountain whitefish
have been documented to occur in the Methow, Chewuch and Twisp
rivers (Bryant and Parkhurst 1950; Williams 1975; Dunnigan 1999;
Wolf et al. 2004; Jateff 2008, 2009, 2010, 2011). Mountain whitefish
are so abundant in the Methow Sub-basin that WDFW allows a liberal
bag limit of 15 whitefish per angler each day. The mainstem of the
Methow River from Lower Burma Road to 8 miles above Winthrop,
Washington, Chewuch River from the mouth to Eight Mile Creek,
and the Twisp River from the mouth to War Creek were open to
catch and release trout fishing and harvest of mountain whitefish
between June 1 and August 15 each year in 2007–2010. In creel surveys conducted on these rivers by the WDFW from 2007–2010, 16,749
anglers fished 68,312 hours and caught 4,294 mountain whitefish
among 56,003 total fish (Jateff 2008, 2009, 2010, 2011). Rainbow trout
(n = 32,702), cutthroat trout (n = 18,253), bull trout (n = 631), chinook
salmon (n = 26), brook trout (n = 6) and steelhead trout (n = 91) were
also caught by the anglers. Mountain whitefish are also found in a
number of irrigation canals in the Methow Sub-basin.
In the Okanogan Sub-basin mountain whitefish occur
throughout the Okanogan mainstem (Pinsent et al. 1974; Fisher
2002; Johnson et al. 2007; Kistler and Arterburn 2007), including
Okanogan (Dymond 1936; Clemens 1939; Pinsent et al. 1974; Long
2002) Skaha (Pinsent et al. 1974; Long 2002), Vaseaux (Pinsent et
al. 1974) and Osoyoos (Pinsent et al. 1974; Fisher 2002) lakes, which
are a chain of headwater lakes in the mainstems of the Okanogan
River in British Columbia. Additionally mountain whitefish are
known to occur in the following tributaries of the Okanogan River:
Similkameen River and Antoine, Bonaparte, Loup Loup, Nine
Mile, Omak, Salmon, Tonasket, Wannacut and Wildhorse Spring
creeks (Kistler et al. 2006; Kistler and Arterburn 2007). Mountain
whitefish also occur in Palmer Lake (Osborne et al. 2003; Petersen
and Schmuck 2006b), on a tributary of the Similkameen River.
Mountain whitefish were present in the Nes Pelem River, a tributary on the Colville Indian Reservation that enters the Columbia
in Chief Joseph Reservoir (Lake Rufus Woods) (LeCaire 1999).
Mountain whitefish also occurred in the Sanpoil River, a tributary
on the Colville Indian Reservation that enters the Columbia in
the Grand Coulee Reservoir (Lake Roosevelt) and its West Fork
(LeCaire 1999, 2000; Nine 2008, 2009; Wolvert and Nine 2010).
Mountain whitefish were collected below the falls on Hawk Creek,
a tributary that enters Lake Roosevelt in Lincoln County (Scholz
pers. obs.).
Mountain whitefish occur in the Spokane River mainstem in
the Spokane Arm of Lake Roosevelt (RKM 0–45) (Peone et al. 1990;
Griffith and Scholz 1991), and Little Falls Reservoir (RKM 45–54
(Heaton 1992), Lincoln and Stevens counties; in Long Lake
Reservoir (RKM 54–93), Spokane and Stevens counties (Bennett
and Hatch 1991; Osborne et al. 2003); in Nine Mile Reservoir
(RKM 93–102), a free flowing segment from the head of Nine
Mile Reservoir to Monroe Street Dam (RKM 102–119) in Spokane
County, (Smith 1992; Johnson 1993; McLellan 2003, 2004), and
Monroe Street to Upriver dams (RKM 119–128), Spokane County,
(Bean 1895; Johnson 1992; O’Connor and McLellan 2008).
Mountain whitefish (n = 168) were among 8,727 total fish captured during electrofishing and gillnet surveys conducted in Little
Falls Reservoir at monthly intervals in 1991 and 1992 (Heaton
1992). Heaton (1992) estimated the mountain whitefish population

(±95% CI), using a Schnabel estimator, in Little Falls Reservoir at
2,056 (1,795–2,148).
Bennett and Hatch (1991) captured 71 mountain whitefish
among 9,275 total fish (0.8%) during sampling of the Long Lake
Reservoir in 1988 and 1989. Osborne et al. (2003b) determined
that the relative abundance of mountain whitefish in Long Lake
Reservoir in 2001 was 1.3% (n = 60 mountain whitefish among
4,733 total fish).
Relative abundance of mountain whitefish was 4.6% in Nine
Mile Reservoir (n = 98 mountain whitefish sampled among 2,132
total fish collected) in fisheries surveys conducted in 1985 (Pfiefer
1985), 1987 (Kleist 1987), 1991 (Smith 1991), 1992 (Smith and Johnson
1992), and 2002 (McLellan 2003). Relative abundance of mountain
whitefish was 16.7% (n = 610 mountain whitefish among 3,656 total
fish collected) in the free flowing segment of the Spokane River between the head of the Nine Mile Reservoir and the Monroe Street
Dam in various fisheries surveys conducted in 1972 (Anderson
1972), 1986 (Peden 1987), 1987 (Kleist 1987), 1991 (Smith 1992), 1992
(Peck 1992; Johnson 1993), 1998 (Maret 1999), 2002, 2003 (McLellan
2003, 2004) and 2010 (McLellan and Lee 2011).
Bean (1895) noted that mountain whitefish were easily observed
from all the bridges in Spokane, Washington. Relative abundance
of mountain whitefish was 94.2% (n = 668 mountain whitefish
among 709 total fish collected) during electrofishing surveys in the
Spokane River between the Monroe Street and Upriver dams conducted in 1992 by the Washington Water Power Company (Johnson
1992). During electrofishing surveys conducted in the same reach
in 2007 by WDFW, relative abundance of mountain whitefish was
only 4.9% (n = 18 mountain whitefish among 367 total fish).
Mountain whitefish also occurred in several tributaries of the
Spokane River. In Chamokane Creek, Stevens County, they were
found only below Chamokane Falls, approximately 1.7 km upstream from its confluence with the Spokane River in the Little
Falls Reservoir (Barber et al. 1988; Scholz et al. 1988; Butler and
Crossly 2005, 2006, 2007). Mountain whitefish in Little Falls
Reservoir made fluvial/secondary adfluvial migrations into
Chamokane Creek in September and October for the purpose
of spawning. Scholz et al. (1988) estimated that the population
of mountain whitefish in Chamokane Creek numbered approximately 719 individuals in the fall of 1986. In the fall of 1991 the
spawning population (±95%) CI) numbered 68 (52–84) individuals (Scholz pers. obs.). Mountain whitefish were also collected in
Little Chamokane Creek, another tributary that enters the Spokane
River in Little Falls Reservoir (Scholz pers. obs.). They occurred
below Little Chamokane Falls, about 1.3 km above the mouth.
Mountain whitefish occurred in the Little Spokane River (Bean
1895; Gilbert and Evermann 1895; Hartung and Meier 1980, 1995;
Pfiefer 1988; McLellan 2004a). Pfiefer (1988) shocked RKM 0–13.4
of the Little Spokane River by drift boat electrofishing in July 1988
and caught 127 mountain whitefish among 220 total fish (57.7%).
McLellan (2004) sampled 20 randomly selected reaches of the Little
Spokane River between its headwaters and its confluence with the
Spokane River by backpack electrofishing in 2003 and collected 18
mountain whitefish among 393 total fish (1.3%). The WDFW regional
office in Spokane Washington has file data records of 151 creel checks
made on the Little Spokane River near Dartford, Washington
during a 38 year interval (1948–1996). During these checks 1,027
anglers were interviewed with 206 mountain whitefish among
1,329 total fish caught during the surveys. Gilbert and Evermann
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(1895) reported that members of the Spokane Tribe spearfished
for whitefish at Dartford. Mountain whitefish were also collected
in the West Branch Little Spokane River (McLellan 2004a), and in
Bear, Deadman, Dragoon and Little Deep creeks (McLellan 2002,
2004a), tributaries of the Little Spokane River and in Wethey Creek
a tributary of Dragoon Creek (McLellan 2004b). Mountain whitefish were found in Chain Lake on the Little Spokane River (Polacek
and Baldwin 1999) and in Horseshoe Lake on the West Branch
Little Spokane River (Mongillo and Hallock 1995; McLellan et al.
2005). Both lakes are located in Pend Oreille County.
Mountain whitefish were not found at any of the 22 sites in
Latah (also called Hangman) Creek mainstem or any of its tributaries including Indian Canyon(n = 3 sites sampled), Garden Springs
(n = 4), Marshall (n = 10), Stevens (n = 2), California (n = 15), Rock
(n = 11), Spangle (n = 2), Rattlers Run (n = 4), Cove (n = 2) or Little
Hangman (n = 1) creeks (Gilbert and Evermann 1895; Schultz and
DeLacy (1935/1936); Laumeyer and Maughan 1973; Maughan and
Laumeyer 1974; Lee 2005; McLellan 2005).
No mountain whitefish were sampled at any of 21 sites in
Deep Creek or in 20 sites sampled in its tributary Coulee Creek
(McLellan 2005). Both Latah and Deep creeks enter the Spokane
River along its south (left) bank in Spokane County. No mountain whitefish were found in three tributaries of the Spokane River
Spring/Tamarack (n = 7 sites sampled), Mill Canyon (n = 4) and
Harker Canyon (n = 1) creeks, that enter the Spokane River along
its southern bank in Lincoln County (Scholz pers. obs.).
Mountain whitefish were collected by boat electrofishing in the
Colville River near the moth between 2000 and 2009 (McLellan et al
.2001, 2004, 2005, 2006, 2007, 2008, 2009, 2010; McLellan and Scholz
2001, 2002, 2003). Mountain whitefish were also collected in the plunge
pool of Meyers Falls located at Colville RKM 8.3, by driftboat electrofishing in 2002, 2003 and 2004 (McLellan 2003; McLellan et al. 2004, 2005).
Mountain whitefish accounted for 1.7% of all fishes (n = 91 of 5,295 total
fish) sampled in the Colville Rover near its mouth and 1% of all fishes
(n = 11 of 1,101 total fish) captured below Meyers Falls. Apparently mountain whitefish are absent in the Colville River above Meyers Falls. None
were collected at 14 sites sampled in the mainstem (Nielson 1975; Dotts
2006). None were collected in the Little Pend Oreille River, Amazon,
Bayley, Bear, Blue, Beastrom, Chewelah, Chewelah (North Fork),
Chewelah (South Fork), Flodelle, Gillette, Gold, Grouse, Huckleberry,
Mill, Mill (Middle Fork), Mill (North Fork), Mill (South Fork), Narcisse,
Olson, Peye, Sheep, Stranger or Waits creeks, all tributaries that enter the
Colville River above Meyers Falls.
Mountain whitefish occur in the Kettle River (Nielson 1975, 1977,
1978; Troffe 1999; Duff et al. 1981, 1982; McLellan et al. 1999, 2004;
McLellan and Scholz 2001, 2002, 2003; McLellan and Vail 2005). In
drift boat electrofishing surveys conducted in the Kettle River upstream from Curlew, Washington, between the confluences of Toroda
and Tonata creeks, the relative abundance of mountain whitefish
was 60.2% (n = 223 mountain whitefish among 369 total fish captured) (McLellan and Vail 2005). In boat electrofishing surveys conducted by EWU in the Kettle River between the confluence with the
Columbia River (Kettle River RKM 0) and Deep Creek (Kettle River
RKM 8) from 1999–2003, mountain whitefish relative abundance
was 5.0% (n = 31 mountain whitefish among 614 total fish captured),
(McLellan et at. 1999, 2014; McLellan and Scholz 2001, 2002, 2003).
A winter sport fishery for mountain whitefish occurs in the Kettle
River. During the winter of 1976 WDFW made 8 creel checks and interviewed 116 anglers who caught 347 mountain whitefish (Nielson
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1977). In November 1979, 37 anglers interviewed caught 58 mountain
whitefish (Duff et al. 1981) and in November 1980, 5 anglers interviewed caught 6 mountain whitefish (Duff et al. 1982). WDFW conducted from 1–9 creel surveys annually in 15 different years between
1948 and 1973, many during December to February to monitor the
winter fishery for mountain whitefish. A total of 568 angles were interviewed during the surveys who had caught 2,266 total fish including 2,138 (94.4%) mountain whitefish.
Mountain whitefish were present during fish surveys conducted
in the Pend Oreille River mainstem and in several of its tributaries. McLellan (2000, 2001) sampled a total of 1,930 fish in Boundary
Reservoir in 1997 and 200. Among them were 113 mountain whitefish
(5.9%). McLellan (2001, 2002) also sampled 8 tributaries of the Pend
Oreille River that flow into Boundary Reservoir. No mountain whitefish were found in 6 of them: Pee Wee, Lime, Slate, Flume, Lines and
Sand creeks. Mountain whitefish were found in 2 of them: Sullivan
(n = 48 mountain whitefish among 683 total fish) and Sweet (n = 1 of
167 total fish) creeks. Mountain whitefish (n = 13) were among 3,280
total fish sampled by electrofishing, gill netting, fyke netting and minnow trapping in Sullivan Lake (Nine 2005; Nine and Scholz 2005).
Mountain whitefish were also present in Box Canyon Reservoir
where 6,702 were collected among 129,499 total fish (5.2%) in 15
different fish surveys conducted between 1987 and 2010 (Barber
et al. 1989, 1990; Ashe et al. 1991; Bennett and Liter 1991; Ashe and
Scholz 1992; Skillingstad et al. 1993; Geist et al. 2004; Scholz et al.
2005; Paluch et al. 2009, 2010, 2011; Divens and Osborne 2010;
J. Conner, Kalispel Tribe Natural Resources Department, pers.
comm. – see Table 5.96 Volume I, page 505). Mountain whitefish were collected in Cedar, Cee Cee Ah, Davis, Le Clerc (and
its east and west branches), Ruby and Skookum (North Fork)
creeks, all tributaries that join the Pend Oreille River in the Box
Canyon reach (Ashe and Scholz 1992; KNRD 1995–2004; Scott 1999;
Lockwood et al. 2001). Mountain whitefish were not found in the
following tributaries that enter the Box Canyon reach: Big Muddy,
Bracket, Brown, Burnt, Calispel, Canyon, Cook’s, Cusick, Deer,
Diamond Fork, Gypsy, Gypsy (West Branch), Indian, Kent, Lodge,
Maitlen, McCloud, Middle, Mill, Skookum, Skookum (South
Fork), Tacoma, Tenmile and Trimble creeks and an unnamed tributary flowing out of Browns lake (Ibid).
Mountain whitefish are present but not very abundant in the
four lower Snake River reservoirs. Bennett et al. (1983) captured
10 among 3,869 total fish (0.2%) in Ice Harbor Reservoir, 2 among
4,072 total fish (<0.1%) in Lower Monumental Reservoir, 39 among
40,598 total fish (0.1%) in Little Goose Reservoir and 2 among
3,090 total fish (<0.1%) in Lower Granite Reservoir in fisheries
surveys conducted in each reservoir from April 1979 to November
1980. Mountain whitefish are also present but not abundant in the
Tucannon River, a tributary of the Snake River that enters it in the
Lower Monumental Reservoir. Over a 3 year period (2004–2006) a
total of 4 mountain whitefish were among 49,329 fish captured in a
downstream migration trap near the mouth of the Tucannon River
(Gallinat and Ross 2005, 2006, 2007).
Additionally 1 mountain whitefish was among 802 total fish collected in the Tucannon adult trap in 2005 (Baumgarner et al. 2006)
and none were among the 610 total fish sampled by 1.3 hours of
boat electrofishing in the lower Tucannon River in 1994 (Ashe et
al. 1995). No mountain whitefish were documented anywhere in
the Palouse Basin either below or above Palouse Falls (Maughan
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et. al 1980; Ashe et al. 1995; Havens 1996, 1997; Glover 2004; Fox
2005; Porter 2006).
Mountain whitefish occur in Asotin Creek but are not very abundant. An adult weir at RKM 7.0 between 2004 and 2009 captured
10 mountain whitefish among approximately 3,478 total fish (0.3%)
(Meyer and Schmuck 2004, 2008; Meyer et al. 2006, 2007, 2010).
Mountain whitefish occur in the Grande Ronde Sub-basin
(Newack and Kukenbecker 2004), Wenaha (Baxter 2002; Jorgenson
et al. 2006) and Wallowa rivers (Wallowa Lake) (Cramer and Witty

1998). However both their distribution and relative abundance with
the Grande Ronde Sub-basin are poorly documented. Washington
tributaries of neither the Grand Ronde [Grouse (n = 4 sites sampled), Bear (n = 8), Wenatchee (n = 14), Buford (n = 4) and Joseph
(n = 5) creeks] nor the Wenaha River [North Fork Wenaha River
(n = 10 sites sampled), Deep Saddle Creek (n = 7), Butte (n = 3), East
Fork Butte (n = 6), Preacher (n = 1) and Rainbow (n = 3)] contained
any mountain whitefish (Mendel et al. 2006, 2008, 2010).
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CHAPTER 16
Family Salmonidae (Subfamily Salmoninae): Salmon, trout and charr

BIOGEOGRAPHY, SYSTEMATICS
AND EVOLUTION
The Subfamily Salmoninae is composed of 6 genera worldwide,
including: Brachymystax (lenok—3 species), Hucho (taimen—5
species), Oncorhynchus (Pacific salmon and trout—14 species), Salmo (Atlantic salmon and trout—29 species), Salvelinus
(charr—49 species), and Salmothymus (long-finned charr—1
species). Of these 3 genera and 16 species occur in North
America: Oncorhynchus (9 species), Salmo (2 species), and
Salvelinus (5 species)(Nelson et al. 2004). Fifteen of these species
were indigenous to North America and one was nonindigenous
(the brown trout Salmo trutta native to Europe and Eurasia)
(Table 16.1). Two additional species have been introduced to
North America. Oncorhynchus masou (Brevoort, 1856) cherry
salmon was introduced in Michigan and Washington, in 1973
and 1974 respectively, but failed to become established at either
location (Fuller et al. 1999). Salmo letnica (Karaman, 1924) Ohrid
(pronounced oak-rud) trout from Yugoslavia was introduced in
Colorado, Minnesota, Montana, Tennessee and Wyoming between 1969 and 1979 (Fuller et al. 1999). Ohrid trout failed to
establish natural spawning populations at any of these locations
(Fuller et al. 1999), with the exception of Pathfinder Reservoir,
Wyoming (Baxter and Stone 1995).
Nine species of Salmoninae were native to Washington
(Table 16.1), including cutthroat trout, pink salmon, chum salmon,
coho salmon, rainbow (steelhead) trout, Chinook salmon, bull
trout (charr) and Dolly Varden charr. Additionally, 4 species have
been introduced to Washington: Atlantic salmon (native to the
east coast), brown trout (native to Europe), brook trout (native to
the east coast) and lake trout (from the Great Lakes). A land locked
stock of Atlantic salmon from Sebago Lake, Maine were released
at a number of locations in eastern Washington but failed to es-

tablish natural spawning populations and soon disappeared. More
recently anadromous Atlantic salmon have been raised in net pen
aquaculture operations in Rufus Woods Reservoir and in Puget
Sound. Brown trout, brook trout (charr), and lake trout (charr)
were released at numerous locations in eastern Washington. All
of these species have established natural spawning populations at
several of the locations where they were introduced. Also, a sterile
hybrid between brook trout and brown trout, called tiger trout,
has been introduced annually into several eastern Washington
lakes since 2003.
Salmonid phylogenies have been constructed based upon
morphological characters (Vladykov 1963; Kendall and Behnke
1984; Dorofeeva 1989; Svetovidov et al. 1975; Sanford 1990; Stearly
and Smith 1993; Wilson and Li 1999), behavioral and life history
traits (Crespi and Teo 2002; Hendry and Stearns 2004; Esteve and
McLennon 2007) and molecular genetic data (Berg and Ferris
1984; Crane et al. 1994; Crespi and Fulton 2004; Domanico and
Phillips 1995; Domanico et al. 1997; Grewe et al. 1990; Gyllensten
and Wilson 1987; Kido et al 1994; Kitano et al 1997; Koop et al
2008; McKay et al. 1996; McVeigh and Davidson 1991; Murta
et al. 1993; Oakley and Phillips 1999; Oleynik 1997; Oleynik
and Polykova 1992; Osinov 1989, 1991, 1993, 1999; Osinov and
Bernatchez 1996; Osinov and Lebedev 2000; Phillips and Oakley
1997; Phillips and Pleate 1991; Phillips et al. 1992,1995; Shed’ko et
al. 1996; Shedlock et al. 1992). The data collected in these studies
do not yield a consistent opinion with respect to the relationships
among the Salmonidae in the sense that the results obtained from
molecular genetics data were not always in agreement with the
results obtained from the morphological data.
The cladistic analysis by Stearly and Smith (1993) showed
that the earliest branch of the Family Salmonidae was the
Subfamily Coregoninae (whitefishes). Its sister groups included
the Thymallinae (graylings) and the Salmoninae (salmon,
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Table 16.1

American Fisheries Society/American Society of Ichthyologists and Herpetologists approved scientific and common names
of species of Subfamily Salmoninae occurring in North America and Washington state (Nelson et al. 2004) with notes about
which were indigenous (native) or non-indigenous (introduced) into each geographic area.
Indigenous to
North America

Occurs in
Washington

Indigenous to
Washington

Mexican Golden trout

Yes

No

No

Oncorhynchus clarkii (Richardson, 1836)

Cutthroat trout

Yes

Yes

Yes

Oncorhynchus gilae (Miller 1950)

Gila trout

Yes

No

No

Oncorhynchus gorbuscha (Walbaum, 1792)

Pink Salmon

Yes

Yes

Yes

Oncorhynchus Keta (Walbaum, 1792)

Chum Salmon

Yes

Yes

Yes

Oncorhynchus kisutch (Walbaum, 1792)

Coho Salmon

Yes

Yes

Yes

Oncorhynchus mykiss (Walbaum, 1792)

Rainbow trout

Yes

Yes

Yes¹

Oncorhynchus nerka (Walbaum, 1792)

Sockeye Salmon

Yes

Yes

Yes

Oncorhynchus tshawytscha (Walbaum, 1792)

Chinook Salmon

Yes

Yes

Yes

Salmo salar Linnaeus, 1758

Atlantic Salmon

Yes

Yes

No

Salmo trutta Linnaeus, 1758

Brown trout

No

Yes

No

Salvelinus alpinus (Linnaeus, 1758)

Arctic charr

Yes

No

No

Salvelinus confluentis (Suckley 1859)

Bull trout (charr)

Yes

Yes

Yes²

Salvelinus fontinalis (Mitchell, 1814)

Brook trout (charr)

Yes

Yes

No

Salvelinus malma (Walbaum, 1792)

Dolly varden (charr)

Yes

Yes

Yes²

Salvelinus namaycush (Walbaum, 1792)

Lake trout (charr)

Yes

Yes

No

Scientific Name

Common names (AFS)

Oncorhynchus chrysogaster (Needham & Girard 1964)

¹Although rainbow trout is an indigenous species in Washington, a large number of non-indigenous hatchery rainbow trout with genetic ancestry
from the McCloud River, California have been stocked in lakes by WDFW in eastern Washington.
²Bull trout and Dolly Varden were once considered to be the same species. They were first separated by Ted Cavender (1978) based on differences in
their skeletons. In Washington State, the bull trout occurs in both the coastal and interior regions whereas the Dolly varden confined just to coastal
regions. In the Columbia Basin, bull trout occur both below and above Bonneville Dam, whereas the Dolly varden only occurs below Bonneville Dam.

trout, charr). The Thymallinae formed the next branch of the
Salmonidae. A fossil that linked the Thymallinae to the Salmoninae
was †Eosalmo driftwoodensis (Wilson), which was the sister group
of all living Salmoninae. Brachymystax and Salmothymus are archaic Salmoninae genera. More recently evolved genera were
Hucho (taimen) and Salvelinus (charr), which formed one clade
and Salmo (Atlantic salmon and trout) and Oncorhynchus (Pacific
salmon and trout) which formed a second clade. Pacific salmon
and trout were a monophyletic group (Oncorhynchus) and Atlantic
salmon and trout were also a monophyletic group (Salmo).
Stearly and Smith (1993) documented that among the clade of
Hucho/Salvelinus, Hucho was the oldest member of the clade. The
fossil †Salvelinus larsoni, from Clarkia Lake, Idaho and Lake Idaho,
was the sister of all of the extant species of genus Salvelinus. Among
the extant members of Salvelinus, lake trout (S. namaycush), bull
trout (S. confluentis) and brook trout (S. fontinalis) formed one
clade and Dolly Varden (S. malma) and Arctic charr (S. alpinus)
formed another.
Stearly and Smith (1993) also documented that among the clade
of Salmo / Oncorhynchus, Salmo was the oldest member of the
clade, followed by Oncorhynchus clarkii.
The fossil †Oncorhynchus (Rhabdofario) lacustris from Lake
Idaho was the sister of all the subspecies of rainbow trout: coastal
rainbow/steelhead trout (O. mykiss irideus), interior (redband)
rainbow/steelhead trout (O. mykiss gairdneri), and golden trout
1066

(O. mykiss aguabonita). Moreover, redband rainbow/steelhead
trout and golden trout were sister subspecies in a separate clade
from coastal rainbow/steelhead trout. The fossil saber tooth
salmon †Oncorhynchus (Smilodonichthys) rastrosus found in Lake
Idaho and the Ringold Formation in Washington grouped with
the six species of extant Pacific salmon: masou (O. masou), coho
(O. kisutch), Chinook (O. tshawytscha), chum (O. keta). Pink (O.
gorbuscha) and sockeye/kokanee (O. nerka). †Oncorhynchus salax, a fossil from Lake Idaho, was considered a sister species of O.
nerka. Pink salmon were more closely related to sockeye salmon
than they were to chum salmon. This result was surprising because
it was long thought that chum and pink salmon were close kin
because they can both spawn successfully in salt water. However,
phylogenies constructed based on molecular genetic data and behavioral/life history traits place chum and pink salmon as the closest sisters (Esteve and McLennon 2007). Cladistic analysis based
on morphological characters also supported breaking coho salmon
and Chinook salmon, once thought to be closely related sister species, into separate evolutionary lines (Stearly and Smith 1993).
Constructing phylogenies for Pacific salmon based on behavioral/
life history traits bolstered this interpretation of breaking the sister
group relationship between coho and Chinook salmon (Esteve and
McLennon 2007). Kokanee salmon are a land-locked variant of the
sockeye salmon with adfluvial life history.
Cutthroat trout and rainbow trout were once thought to be
closely related because crossing a cutthroat trout with a rainbow
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trout usually produces fertile hybrids that can back-cross with
either parent. In contrast, crossing two species of Pacific salmon
with each other usually results in reduced hybrid viability, so that
the number of eggs hatching is reduced to a fraction of the number of eggs that hatch successfully if a male and a female of the
same species are spawned (Forester 1939; 1968; Simon and Nobel
1968). Also, those eggs that do hatch from a hybrid cross between
two species of Pacific salmon frequently exhibit abnormal development. Moreover, mtDNA of cutthroat trout and rainbow trout
treated with different restriction enzymes produced restriction
fragments with similar nucleotide base sequences, indicating that
they were genetically linked (Wilson et al. 1985; Thomas et al. 1986;
Gyllensten and Wilson 1987). However, Stearly and Smith (1993),
based on cladistic analysis using 119 morphological characters, discovered that there were no synapomorphies that linked cutthroat
trout to rainbow trout or related them as sister groups in a clade
that shared a common ancestor(i.e., that separated the pair from
other salmon and trout). Instead, the closest sister group to rainbow trout was Pacific salmon. Moreover, Stearly and Smith (1993)
pointed out that the genetic evidence cited above did not necessarily prove a sister group relationship between cutthroat and rainbow
trout because many restriction fragments that had nucleotide base
sequences in common between cutthroat and rainbow trout were
also shared by several species of Pacific salmon.
Stearly and Smith (1993) based their separation of cutthroat
from rainbow trout on the single criteria that cutthroat trout possessed basibranchial (or hyoid) teeth and rainbow trout did not.
They did not point out that interior (redband) rainbow trout sometimes have vestigial basibranchial teeth, a character that is prevalent in many redband trout found in eastern Washington; so I personally view the matter of the relationship between the cutthroat
and rainbow trout as being far from settled. However, a more recent cladistic analysis based on 39 behavioral and life history traits
supported Stearly and Smith’s breaking of the sister group relationship between O. mykiss (rainbow trout) and O. clarkii (cutthroat
trout) (Esteve and McLennon 2007).
Cutthroat trout and rainbow trout have each diverged to form
several varieties (subspecies) (Behnke 1992, 2003). Cutthroat trout
have diverged into the Yellowstone cutthroat trout Oncorhynchus
clarkii bouvieri, the coastal cutthroat trout Oncorhynchus clarkii
clarkii, the Lahontan cutthroat trout Oncorhynchus clarkii henshawi, and the westslope cutthroat trout Oncorhynchus clarkii
lewisi (Behnke 1992, 2003). Table 16.2 provides descriptions about
the identification of each subspecies. All of these subspecies are
characterized by the presence of red or orange “cutthroat marks”
under the jaw and basibranchial (or hyoid) teeth (i.e, teeth under
the tongue on the hyoid bone). Cutthroat marks are present in
stream and river dwelling individuals but may be masked by silver
guanine deposition in anadromous variants in the ocean or adfluvial variants in lakes. Basibranchial teeth are well developed in
Yellowstone, Lahontan and westslope cutthroat trout and less so in
coastal cutthroat trout (difficult to detect in some individuals). Gill
rakers are well developed on the posterior side of the first gill arch
in Yellowstone and Lahontan cutthroat trout, which is thought to
facilitate feeding on zooplankton in lakes. Gill rakers are absent
or weakly developed on the posterior side of the first gill arch in
coastal and westslope cutthroat trout. Coastal cutthroat trout are
characterized by numerous small to intermediate sized black spots
distributed above and below the lateral line in front of and behind

the dorsal fin. Yellowstone cutthroat are characterized by intermediate to large size black spots (rounded in outline) more numerous
behind than in front of the dorsal fin, where they are distributed
evenly above and below the lateral line. In front of the dorsal fin
the spots are less numerous and there are more of them above than
below the lateral line. The spot pattern of westslope cutthroat trout
is almost identical to that of Yellowstone cutthroat except that the
spots on Yellowstone cutthroat are rounded in outline whereas the
spots on westslope cutthroat are irregular in outline. Lahontan cutthroat trout have a few medium to large spots, rounded in outline,
that are distributed on the head and body more or less evenly in
front of and behind the dorsal fin, but are more abundant above
than below the lateral line.
Rainbow trout have diverged into the golden trout
Oncorhynchus mykiss aguabonita, interior rainbow (also called
redband) trout (including Oncorhynchus mykiss gairdneri of the
Columbia and Fraser River Basins; Oncorhynchus mykiss newberryi of the Klamath River and Great Basin; and Oncorhynchus
mykiss stonei of the upper Sacramento River Basin), and coastal
rainbow trout Oncorhynchus mykiss irideus (Behnke 1992, 2003).
Notice that coastal rainbow/steelhead from California to Alaska
were all considered to be the same subspecies whereas the interior
(redband) rainbow/steelhead were subdivided into three distinct
subspecies based on latitude. This is thought to be due to relatively
greater reproductive isolation between the interior subspecies as
compared to the coastal subspecies. Table 16.3 provides descriptions about the identification of each subspecies. Each of the subspecies is characterized by a distinctive red band along the lateral
line, although this may be obscured by silver guanine deposition
in anadromous individuals while they dwell in the ocean or adfluvial individuals while the dwell in lakes. The golden trout is
separated from the other subspecies by its color (golden sides and
red belly) and the fact that it has only a few large, round spots on
the body in back of the dorsal fin. Coastal rainbow, and interior
(redband) rainbow have profuse irregular-shaped spots in front of
and behind the dorsal fin. Parr marks are round in outline with
supplementary rows either reduced or absent in coastal rainbow/
steelhead trout and oval in outline with supplemental rows present
both above and below the main row in interior (redband) rainbow/
steelhead trout. Additionally, redband rainbow/steelhead often
possess rudimentary yellow, orange or red cutthroat mark below
the jaw and vestigial basibranchial teeth. The Kamloops (Gerard)
rainbow trout are an adfluvial life history variant of the Columbia
River redband trout O. mykiss gairdneri . They migrate out of tributaries into large lakes to feed on land-locked kokanee salmon and
grow to large size.
Of these varieties O. clarkii lewisi westslope cutthroat trout
and O. mykiss gairdneri interior rainbow (redband) trout of the
Columbia/Fraser basins were indigenous to eastern Washington.
Yellowstone cutthroat trout eggs were collected at Yellowstone
Lake, Wyoming and hatched and raised at the Bozeman National
Fish Hatchery, Montana then distributed throughout eastern
Washington but failed to establish any natural spawning populations and eventually disappeared. Recent genetic testing of cutthroat trout in the Pend Oreille River Basin, which received numerous plants of Yellowstone cutthroat trout, detected 8 distinctive
tributary populations of native westslope cutthroat without any
evidence that Yellowstone cutthroat genes had been introgressed
into these populations (Young et al. 2004).
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Present (well developed) 15–30 (20)

Basibranchial teeth

Life history strategies

Adfluvial, resident

64 (104)

Orange or red slashes present under
lower jaw

Cutthroat mark

Chromosome
Diploid # (# arms)

17–23 (19–20) usually 5–15 are well
developed on posterior side of first arch.
May facilitate in plankton feeding in lakes

25–63 (35–43)

150–200 (165–180)

# gill rakers

# pyloric caeca

# lateral line scales

Intermediate to large black spots on
body, dorsal, adipose and caudal fins.
Spots rounded in outline. Spots more numerous in back of dorsal fin, distributed
more or less evenly above and below
lateral line. Fewer spots below lateral line
in front of dorsal fin. No spots on head.
No spots on anal fin.

Yellowstone cutthroat
O. clarkii var. bouvieri

Anadromous, resident (above barrier falls)

68 (104)

1–52 (5–15) difficult to detect in some individuals; hybrid cutthroat rainbow usually
lack basibranchial teeth.

Orange or red slashes present under lower
jaw (may be faint or absent in anadromous
individuals).

15–21 (17–18) Absent or weakly developed
posterior side of first arch.

23–60

120–180 (>150)

Numerous small to intermediate spots on
head and body. Spots distributed evenly
above and below lateral line, in front of
and behind dorsal fin. Spots also present
on dorsal, adipose and caudal fins. Spots
sometimes present on anal fin. Shape of
spots irregular (not rounded) in outline.
Parr marks (if present irregular to rounded)
vary considerably in color depending
upon if the specimen is a sea run or stream
resident life history variant.

Coastal cutthroat
O. clarkii var. clarkii

Adfluvial, resident

64 (104)

Present (well developed) (greater
than 100) packaged in bristles like a
toothbrush.

Orange or red slashes present under lower
jaw.

21–28 (23–25) The most of any cutthroat
or rainbow trout. Facilitates plankton feeding in lakes.

45–75

150–180

Few medium to large spots, rounded in
outline, distributed on head and body,
dorsal, adipose and caudal fins. Spots
more or less evenly distributed front to
back, but slightly more above than below
lateral line. Stream resident color of green
or bronze leather, with elliptical parr
marks. Adfluvial life history variants in
lakes usually silver; spots and parr marks
masked by guanine deposition.

Lahontan cutthroat
O. clarkii var. henshawi

Resident, fluvial, adfluvial

66 (104)

Present (well developed) 10–30 (15–20)

Yellow, orange, or red slashes present under lower jaw (faint in adfluvial
individuals)

17–21 (18–19) Absent or weakly developed on posterior side at first arch.

25–50

140–240 (165–180)

Small to intermediate black spots, irregular in outline. Few spots in front of dorsal
fin; more numerous above than below
lateral line. More spots behind dorsal
fin; about equally distributed above and
below lateral line on the caudal peduncle
behind the anterior insertion of the anal
fin. Spots present on dorsal, adipose,
and caudal fins. Oval parr marks present
in stream resident life history variant. In
lake dwelling, adfluvial life history variant,
spots and parr marks may be obscured by
silver guanine deposition.

Westslope cutthroat
O. clarkii var. lewisi

Characters used to distinguish between the four varieties (subspecies) of cutthroat trout (Oncorhynchus clarkii) that occur in eastern Washington. All of these varieties have white
mouths, 12 or fewer anal rays, and dark spots on a light colored background. (After Jordan and Gilbert 1883; Jordan and Evermann 1896; Schultz 1936, 1941; Snyder 1940; Dewitt
1954; Qadri 1955; Hanzel 1959; Brown 1971; Behnke 1988c, 1992, 2003; Wydoski and Whitney 1979, 2003; Simpson and Wallace 1982; Behnke 1992, 2003; and Loudenslager and
Thorgard 1979). Numbers given as range (usual).

Description
(color, spot pattern)

Table 16.2
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Life history strategies

Resident, fluvial, adfluvial.

58 (104)

Absent.

Basibranchial teeth

Chromosome
Diploid # (# arms)

Usually absent. If present, usually faint
yellow.

17–21 (18–20)

Cutthroat mark

25–40 (30–32)

# gill rakers

150–210 (155–160)

# lateral line scales

# pyloric caeca

Gold color on sides. Orange to red belly.
Red stripe along lateral line. Dorsal, anal
and pelvic fins yellow to orange with
interior black bar adjacent to white tips.
No spots on head or body in front of
dorsal fin. A few large round spots on
and below dorsal and adipose fins above
lateral line and on caudal peduncle
and caudal fin above and below lateral
line. Spots on caudal fin large, arranged
in linear arrays. No spots on anal fin.
Parr marks rectangular to oval, with no
supplementary rows.

Golden trout
O. mykiss var. aguabonita

58–64 (104)
Anadromous, resident (above and below
barrier falls).

Absent.

Absent.

17–24 (18–20)

40–80 (50–60)

111–146 (122–133)

Profuse irregular shaped spots on head,
body (above and below lateral line), dorsal, adipose and caudal fins. No spots on
anal fin. Red band usually present along
lateral line. Parr marks round, supplementary rows reduced or absent.

Coastal rainbow trout
O. mykiss var. irideus

Anadromous, resident, fluvial, adfluvial
(Kamloops trout an adfluvial life history
variant).

58 (104)

Vestigial basibranchial teeth may be
present.

Trace of yellow, orange or red on lower
jaws, especially on individuals with resident, fluvial or adfluvial life history

17–21 (18–20)

30–50 (35–45)

135–180 (135–165)

In anadromous and fluvial life history
variants, small to intermediate spots on
head, body (above lateral line) and on
dorsal, adipose and caudal fin. Spots
on caudal arranged in linear arrays. No
spots on anal fin. In resident and fluvial
life history variants, intermediate to large
spots on head, body (above and below
lateral lines), and on dorsal, anal, adipose
and caudal fins. Red band along lateral
line in both variants. Parr marks elliptical
with supplemental rows above and below
main row: white to orange tips or dorsal,
pelvic, and anal fins.

Interior (Redband) rainbow trout
O. mykiss var. gairdneri

Anadromous resident, fluvial, adfluvial.

--

Vestigial basibranchial teeth present in
20 of 46 specimens examined (Behnke
1992). Two rows of teeth on each side of
tongue.

Trace of orange or red on lower jaw present in most specimens.

14–18 (16); 14–22 (16–20)

29–45 (36–43)

139–174 (146–148)

Intermediate to irregular-shaped large
sized spots on head, body, dorsal, adipose and caudal fin (profuse above he
lateral fins, few below it). Spots absent on
anal fin. Spots on caudal fin oval-shaped
in linear arrays. Red band along lateral
line. Dorsal pelvic and anal fins yellow
to orange with white to orange tips. Parr
marks irregular (roughly elliptical) in
outline with ventral supplementary row,
roughly circular.

McCloud River redband trout
O. mykiss var. stonei

Characters used to distinguish between the four varieties (subspecies) of rainbow trout (Oncorhynchus mykiss) that occur in eastern Washington. All of these varieties have white
mouths, 12 or fewer anal rays, and dark spots on a light colored background. (After Jordan and Gilbert 1883; Jordan and Evermann 1896; Schultz 1936; Carl et al. 1967; Moyle 1976,
2002; Wydoski and Whitney 1979, 2003; Simpson and Wallace 1982; Behnke 1992, 2003; and Loudenslager and Thorgard 1979). Numbers given as range (usual).

Description
(color, spot pattern)

Table 16.3
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Lahontan cutthroat trout were indigenous to highly alkaline
lakes of the Great Basin in Nevada and California. Lahonton cutthroat, obtained from Nevada and California, have been stocked in
some lakes that were previously fishless (owing to high pH) in an
attempt to create sport fisheries in them (e.g., Lake Lenore, Grant
County). Lahonton cutthroat trout stocked in an artificial spawning channel associated with Lake Lenore migrate downstream to
the lake where they grow to maturity then return to the spawning channel. WDFW personnel collect the eggs from returning fish,
then incubate and hatch them at a Washington State fish hatchery.
They rear the progeny at the hatchery until they are stocked in the
spawning channel to start a new generation.
Golden trout were indigenous to the Sierra-Nevada mountains of California, where they occurred in the headwaters of the
Sacramento River and high elevation mountain lakes. Golden
trout have been periodically introduced by WDFW into several
high mountain lakes in the Cascade mountain range of eastern
Washington.
The main stock of rainbow trout used by WDFW to plant lowland lakes that are managed as trout fisheries in eastern Washington
was derived from a mixture of approximately 95 % coastal rainbow
trout (O. mykiss irideus) and 5 % Sacramento River redband trout
(O. mykiss stonei) from the McCloud River, CA. In fact, most of the
hatchery stocks of rainbow used throughout the United States have
been derived from this genetic strain (Needham and Behnke 1962;
Dollar and Katz 1964; Behnke 1992, 2002). Most of the wild rainbow/steelhead trout upstream from Bonneville Dam are interior
(redband ) rainbow/steelhead trout although some populations
might be genetic admixtures of wild and hatchery rainbow trout.
Kamloops (Gerrard) interior (redband) trout were native to British
Columbia but have been stocked in Lake Pend Oreille, Idaho, Lake
Roosevelt, Washington and Lake Rufus Woods, Washington. A
broodstock of Kamloops rainbow is being raised in a private hatchery (Troutlodge) near Ephrata, Washington.
The evolution and fossil history of the Salmoninae was reviewed
in Chapter 14. To briefly summarize here, the oldest salmonid was
†Eosalmo driftwoodensis found in Eocene (47—50 MYBP) Klondike
Mountain Formation near Republic, Washington and at several
locations in British Columbia of the same age(Wilson 1977, 1978,
1996). Two different cladistic analyses have revealed that †Eosalmo
driftwoodensis had a sister group relationship with all extant
Salmoninae (Stearly and Smith 1993; Wilson and Li 1999). The tendency for migration was already apparent in this earliest ancestor
of the Salmoninae because evidence indicated that it made adfluvial migrations from lakes into tributaries to spawn (Wilson 1996).
There is a gap in the fossil record until the Miocene (5–23 MYBP).
By the Miocene and Pliocene (2–6 MYBP) considerable speciation
was evident among the Salmoninae of western North America.
By 5–6 MYBP they had already differentiated into the ancestors of
the Pacific salmon, Pacific cutthroat trout, Pacific rainbow trout,
and Pacific charr. At least 5 distinctive species of fossil Salmoninae
have been found in rock formations that dated to this age, including the giant 177 kg (350 lb) †Oncorhynchus (Smilodonichthys)
rastrosus sabertoothed salmon, the adfluvial †Oncorhynchus salax
Lake Idaho sockeye/kokanee salmon, †Oncorhynchus cyniclope
Rabbithole cutthroat trout, †Oncorhynchus (Rabdofario) lacustris
Lake Idaho rainbow trout, and †Salvelinus (Paleolox) larsoni Lake
Idaho charr. In addition to these fossils, DNA evidence indicated
that Pacific salmon, trout and charr radiated into distinct species
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by about 5—6 MYBP in the Miocene (Thomas et al. 1986; reviewed
by McPhail 1997 and Montgomery 2004). Tectonic activity on the
Pacific Rim, that caused the rise of the coastal mountain ranges
and Miocene basalt flows in the Columbia Basin, is thought to be
the main driver of adaptive radiation of Pacific salmon, trout and
charr at this time (Montgomery 2000). Although the sabertoothed
salmon was found in many Miocene and Pliocene formations that
contained the bones of other species of freshwater fishes, it was
determined to be anadromous based on the strontium, isotope
ratio of its bones (Koch et al. 1992). Marine fishes and freshwater resident fishes each have a distinctive ratio of two isotopes of
strontium (87SR/86SR ≥0.7 in marine fishes and ≤0.02 in freshwater fish). The ratio in the bones of the sabertoothed salmon was
close to that of marine fish, indicating that it had spent the majority
of its life in the ocean. Sabertoothed salmon apparently returned
to freshwater to spawn because most individuals developed four
large breeding tusks, two in the upper and two in the lower jaw.
Development of breeding teeth and snout deformation (hooking of
the upper and/or lower jaws) in males are characteristic of extant
Salmoninae.
Gross (1987, 1991), McDowell (1987) and Gross et al.(1998)
pointed out that in temperate regions occupied by salmon, the
ocean is usually more productive than freshwater. These authors
envisioned that the Salmoninae arose in freshwater and developed
anadromous migration to obtain more food. When the climate
cooled during the Pliocene, productivity of freshwater ecosystems
declined markedly, making an anadromous life history increasingly advantageous (Gross et al 1988; Montgomery 2004). During
the Pleistocene, the Salmoninae survived continental glaciation in
ice-free refugia: the Pacific refuge (including the ice free portions
of the Columbia and Snake rivers, and the mouth of the Columbia
River), Glacial Lake Columbia, Glacial Lake Missoula, the upper Missouri refuge in Montana, the Nahanni refuge(along the
Nahanni River in British Columbia and the Yukon), and Berengia
(along the Bering Sea and Yukon River in Alaska) (McPhail and
Lindsey 1986). Fish that survived in those refugia were thought to
repopulate the ice covered portions of the Columbia and Fraser
rivers after the ice melted (McPhail and Lindsey 1986). While the
glacial ice was melting, the Fraser River was temporarily connected
to the Columbia River via the Okanogan River. This connection
explains why the Fraser and Columbia rivers have so many species
of Salmonidae and other families of fishes in common.

LIFE HISTORY
Age, Growth and Reproduction
Yellowstone cutthroat trout
The life history of Yellowstone cutthroat trout was described by
Gresswell et al. (1991). Several authors have prepared reports on
the status, ecology, and management of Yellowstone cutthroat
trout in Yellowstone National Park (Valley and Gresswell 1988), in
the state of Montana (Hadley 1984), Wyoming (Kruse et al. 2000),
in the Upper Snake River System, Idaho (Thurow et al. 1922), and
throughout their range (May et al. 2003, 2007). Alternative life history strategies of Yellowstone cutthroat trout were described by
Gresswell et al. (1994). Resident populations reside in their natal
tributary throughout their lives. Fluvial populations spend 1, 2 or
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3 years in a smaller tributary before migrating to a larger river.
Adfluvial populations reside for 1 or 2 years in their natal tributary
before migrating downstream to a lake. Allacustrine populations
are born in a tributary to an outlet of a lake. They first migrate
downstream in the tributary, then upstream in the outlet to reach
the lake. Most Yellowstone cutthroat trout exhibit an adfluvial or
allacustrine life history.
Yellowstone cutthroat have a maximum life expectancy of 11
years, but most do not live more than seven years. They become
sexually mature at age 3–5 at about 300 mm TL. At Yellowstone
Lake almost all individuals >300 mm TL are mature whereas almost all individuals <250 mm TL are immature (Benson and
Bulkley 1963). In alpine lakes, slow growing populations become
mature at 100–130 mm TL.
Yellowstone cutthroat trout grew to 46–149 mm TL at age 1,
119–284 mm TL at age 2, 211–380 mm TL at age 3, 290–437 mm TL
at age 4, 327–479 mm TL at age 5, and 450–515 mm TL at age 6
(Benson 1961; Thurow et al. 1988). The angling record individual,
from Strawberry Reservoir, Utah measured 730 mm TL (38.7
inches) and weighed 6.8 kg (15 lbs).
At Henrys Lake, Idaho, females with a mean length of 319 mm TL
averaged 1,577 eggs per female. Females with a mean length of
408 mm TL averaged 1,914 eggs per females and females with a mean
length of 518 mm TL averaged 2,930 eggs per female (Thurow et al.
1988). The average female spawner in the South Fork of the Snake
River measured 377 mm TL and contained 1,413 eggs (Thurow et al.
1988).
Hermaphrodism has been reported in Yellowstone cutthroat
trout (Bensen 1958). Two individuals were caught that possessed
both functional ovaries and testes. Histological examination
showed all stages of egg development within the ovaries including
several loose eggs ready to be deposited. Also, in the testes, all stages
of spermatogenesis were present and one of the fish exuded milt.
They spawn from late April until early August, peaking from
late May to early July. Eggs hatched in 25–30 days and fry emerged
about 14 days later. Fry normally emerge from mid-June until mid
September. Most adfluvial and fluvial Yellowstone cutthroat populations rear in their natal tributary for 1–3 years before emmigrating out of it. However, in some populations in the Snake River
most juveniles emigrate soon after emergence (Thurow et al. 1988).
Yellowstone cutthroat are obligatory stream spawners (Varley and
Gresswell 1988).
Yellowstone cutthroat are iteroparous. Repeat spawning may
occur in consecutive or alternate years (Varley and Gresswell
1988), with alternate year spawning more common. Females are
more likely to repeat spawn than males. Thurow et al. (1988) reported that 93% of repeat spawners were female. Repeat spawners
may constitute 15–26% of some spawning populations (Gresswell
and Varley 1988). Post spawning mortality in 5 tributaries of
Yellowstone Lake averaged 48.1% between 1948 and 1953 (Ball and
Cope 1961).

Coastal cutthroat trout
Coastal cutthroat trout life history, behavior and ecology was reviewed by Trotter (1989) and Pauley et al. (1989) conducted a status review of coastal cutthroat trout in Washington, Oregon and
California. Coastal cutthroat trout exhibit one of four life history
variations (Trotter 1989; Pauley et al. 1989; Johnson et al. 1999):

1.

Anadromous (sea run) populations that migrate to
the estuary or ocean. Anadromous coastal cutthroat
trout rarely spawn before age 4 and have a maximum
life expectancy of about 10–11 years.

2.

Potamodromous or (fluvial) populations that
migrates between small spawning tributaries and a
main river.

3.

Potamodromous (adfluvial) populations that migrate
between spawning tributaries and lakes or reservoirs.
Spawning may occur in inlet tributaries or lakes,
in which case the fish must migrate downstream to
reach the lake , or in the outlet at a lake, in which
case the fish must migrate upstream to reach the
lake. Adfluvial coastal cutthroat trout usually spawn
for the first time at age 3 or 4 and live a maximum of
10–11 years.

4.

Non-migrating (resident) populations that are often
isolated above waterfall barriers, but may also coexist
with other life history variants below the barrier. They
generally have a shorter lifespan and become sexually
mature at a smaller size and younger age then the
other types of life history variants. Resident forms
have a maximum life span of about 4 years, spawn
at an earlier age than the anadromous life history
variants, and seldom grow larger than 200 mm TL
(Trotter 1989). Resident variants tend to remain in
a narrow geographic range. For example, Haggenes
et al. (1991) marked 413 cutthroat trout inhabiting a
British Columbia stream and recorded 587 recapture
events: 65% of the recaptures were made within 10
meters of their original marking site and only 18% had
moved more than 50 m. Maring et al. (1986) reported
that 93% of recaptured coastal cutthroat trout were
recovered in the same pool where they were originally
marked. Only about 3% of tagged fish moved more
than 200 meters from the spot where they were originally marked (Wyatt 1959; June 1981; Fuss 1982).

Fecundity of female coastal cutthroat trout ranged from 226
eggs for a 200 mm FL fish to 4,420 eggs for a 430 mm FL fish (Scott
and Crossman 1973). In Washington, egg production in anadromous fish varied from about 300 eggs in 299 mm FL female to
2,700 eggs in a 559 FL female (Wydoski and Whitney 2003). Stream
resident coastal cutthroat trout were smaller and produced fewer
eggs. A 140 mm TL female contained 128 eggs and a 193 mm TL
female contained 644 eggs (Wydoski and Whitney 2003). Coastal
cutthroat are iteroparous and some individuals were documented
to have spawned each year for 5 consecutive years (Sumner 1962,
1972; Giger 1972). Not all fish survive to spawn a second time.
Sumner (1952) reported that in Oregon 39% of coastal cutthroat
trout survived their first spawning, 17% their second and 12% their
third. Anadromous life history variants in Washington usually return to their natal tributaries in fall and winter, and spawn from
late January to February (Pouley et al. 1989; Trotter 1989; Johnson
et al. 1999). Coastal cutthroat construct redds in riffles 15–45 cm
deep, usually over pea-sized to walnut-sized gravel, where current
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velocity is about 15–35 cm/sec. Redds are usually about 1 m long x
0.5 m wide. Egg pockets are covered by 13–18 cm of gravel.
Coastal cutthroat spawn upstream of where rainbow/steelhead
spawn (Lowry 1965; Johnson 1982). This is an example of resource
partitioning that 1) reduces hybridization between coastal cutthroat and rainbow/steelhead trout and 2) reduces competitive interactions between young-of-the-year coastal cutthroat and rainbow/steelhead trout.
Coastal cutthroat trout suffer high post-spawning mortality.
They may loose as much as 38% of their body weight after spawning. Only about 11% of spawned out adults survived to spawn a second, third or fourth time (Sumner 1953; Johnston and Mercer 1976).
Eggs hatch in 6–7 weeks and emerge from March–June. Peak
emergence occurs in mid-April. Emergent cutthroat trout fry are
about 25 mm TL. Upon emergence, fry immediately move into
channel margins or backwaters where they spend their first summer. During their first winter, fry moved downstream to overwinter in pools associated with large woody debris or undercut banks
(Bustard and Narver 1975). Yearlings, <200 mm TL with parr
marks, redistribute themselves, primarily by moving upstream
(Giger 1972; Caderhom and Scarlett 1982; Hartman and Brown
1987; Garrett 1998).
Anadromous coastal cutthroat in tributaries of the lower
Columbia River undergo smolt transformation from late April to
May when they are 2, 3, or 4 years old, after they attain about 155–
165 mm TL. Approximately, 65% of 251 coastal cutthroat examined
from Washington tributaries of the Columbia River smolted at age
2 at 155–165 mm TL. About 33% smolted at age 3 and 2% smolted
at age 4. They develop silvery coloration caused by subcutaneous
deposits of guanine, which partially or completely masked parr
marks. Their bodies became more streamlined. Fry formed schools
and en masse, migrated downstream. Smolt migration usually began in March and peaked in May (Michael 1989). Coastal cutthroat
trout in four tributaries of the Columbia River, tracked using radio and acoustic telemetry, made rapid directed movements into
seawater, often within 5 days of entering the mainstem Columbia
River (Zydlewski et al. 2008). Presumably, they also develop physiological mechanisms that enable them to osmoregulate and survive
in seawater, though this has not yet been specifically investigated
in coastal cutthroat trout. Some anadromous coastal cutthroat in
tributaries of the Lower Columbia river migrated to the estuary in
spring, remained there during the summer and returned to freshwater in the fall but did not to spawn (Tipping 1981). The following year, they re-entered saltwater and migrated farther off shore
and returned later that same year to spawn in their natal tributary.
Cutthroat trout have been captured as far as 66 km offshore (Loch
and Miller 1988; Percy et al. 1990).
The Washington state angling record for coastal cutthroat trout,
of 813 mm (22 inch) TL and 5.45 kg (12.0 lbs), was a potamodromous lake dwelling life history variant taken in Lake Crescent,
Clallam County. The Washington state angler record for a sea run
coastal cutthroat was 616 mm (24.25 inch) TL and 2.7 kg (6.0 lbs)
was taken at Carr Inlet in Pierce County. Trotter (1989) compiled
data on age and growth of anadromous coastal cutthroat smolts
that migrated to the ocean at age 2 (165 mm FL) returned at age 2+
(305 mm FL), 3+ (362 mm FL), 4+ (413 mm FL). Coastal cutthroat
that migrated to the ocean for the first time at age 4 (185 mm FL)
returned at age 3+ (362 mm FL), 4+ (428 mm FL), 5+ (432 mm FL),
6+ (457 mm FL) and 7+ (476 mm FL). Smolts that migrated for
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the first time at age 4 (216 mm FL), returned at age 4+ (343 mm
FL), age 5+ (410 mm FL), age 6+ (438 mm FL) and age 7+ (470
mm TL). These results indicated that smolts attain length of about
165–216 mm FL, then, add about 120–140 mm in growth during
their first 6 months at sea. After this their rate of growth slows
considerably.

Westslope (intermontane) cutthroat trout
The life history and status of west slope cutthroat trout populations were described by Averett and MacPhee (1971), Shepard et
al. (1984, 1997), Liknes (1984), and Liknes and Graham (1988).
Westslope cutthroat trout exhibit resident, fluvial, or adfluvial life
history strategies. Fluvial or adfluvial fish generally migrate out of
their natal tributary at age 2–3 (range 1–4) in the spring (Shepard
et al. 1984).
Fluvial and adfluvial fish attain sexual maturity after 3–6 years
at 150–250 mm TL (fluvial variants) or 300–350 mm TL (adfluvial
variants) (Brown 1971). In the Methow River, first spawning was at
age 3 to 4 in males and 4 to 5 in females (Mullan et al. 1992). Those
with an adfluvial life history became sexually mature at about
300–350 mm TL and those with a fluvial life history became sexually mature at about 150–250 mm TL (Shepard et al. 1984; Liknes
and Graham 1983). Maximum lifespan is about 7 or 8 years for
fluvial and adfluvial variants and 12–13 years for resident variants.
Maximum length attained by stream dwelling (resident), fluvial
and adfluvial cutthroat trout is 250–300 mm TL, 350–450 mm TL
and 450–550 mm TL respectively.
Although westslope cutthroat trout are iteroparous, the proportion of any given spawning population that are identified as repeat
spawners, varies from about 1–25% (Huston 1972, 1973; Liknes and
Graham 1988). This suggests that post-spawning mortality is high
and that the percentage of fish that survive to spawn a second or
third time is low. Individuals that do spawn a second or third time
may do so either annually or in alternate years (Shepard et al. 1984;
Liknes and Graham 1988).
Westslope cutthroat emerge from their gravel at 20 mm TL and
first form scales at 38–44 mm TL (Shepard et al. 1984). In cold environments, such as the north and middle forks of the Flathead
River, Montana, fry do not grow to sufficient size to form an annulus in their first year (Shepard et al. 1984). In the warmer Coeur
d’Alene River, Idaho drainage all of the westslope cutthroat examined had formed an annulus in their first year (Lukens 1978).
Table 16.4 provides back-calculated total lengths for 15 westslope cutthroat populations in eastern Washington. Average size
was 82 mm TL at age 1, 128 mm TL at age 2, 178 mm TL at age
3, 215 mm TL at age 4. Above age 4, many age classes have lower
growth than the preceding age class. This is because of the inclusion of slower growing, longer-lived stream resident populations
along the with the faster growing, shorter-lived adfluvial populations. Box Canyon Reservoir, Sullivan Lake, and Lake Chelan show
growth of adfluvial populations, which averaged 105 mm TL (age
1), 175 mm TL (age 2), 249 mm TL (age 3), and 318 mm TL (age 4).
Fraley and Shepard (2005) determined that the average growth
of west slope cutthroat trout from the South Fork Flathead River
drainage, Montana, based on back calculation from scales, averaged 54 mm per year between age 0 and 8. After growing to an
average length of 57 mm in their first year, they put on 62–86 mm
in growth at age 2, 3, 4, and 5. Age 5 fish averaged 338 mm TL. After
age 5 their growth slowed to annual growth increments that aver-
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Table 16.4

Back-calculated total lengths (mm) of westslope (intermontane) cutthroat trout in eastern Washington. A = adfluvial
population. R = resident population
Back-calculated TL (mm) at age
County

Location

11

12

Chelan¹

Lake Chelan

A

62 132 164 203 316 298 310 302 312 305 345

Chelan¹

Lake Chelan (14 tribs.)

R

90

71

132 164 203

Okanogan²

Cedar Creek

R

99

44

72

100 124 177 191

Okanogan²

Methow River

R

761 67

94

123 145 178 183 180 182 190 188 190

185

Okanogan²

Methow River (W. Fork)

R

44

58

78

91

Okanogan²

Robinson Creek

R

46

37

78

129 164 179 178 200

Okanogan²

Wolf Creek

R

63

29

72

126 157 192 220 243 222 237

Pend Oreille³

Boundary Reservoir

A

3

97

167 254

Pend Oreille⁴

Box Canyon Reservoir

A

39

85

145 222 321

Pend Oreille⁵

Cee Cee Ah Creek

R

6

92

130

Pend Oreille⁵

LeClerc Creek

R

27

92

134 194

Pend Oreille⁵

Ruby Creek

R

22 101 158 223

Pend Oreille⁵

Skookum Creek

R

7

Pend Oreille⁶

Sullivan Lake

A

53 124 205 275 322

Pend Oreille⁵

Tacoma Creek

R

64 106 155 208 276

Average

A/R

n

1

98

2

3

4

5

6

7

8

9

121 149 141 158

10

232

143

82 128 178 215 196 204 217 239 244 255 190 185

References: ¹Brown (1984); length at age data; (adfluvial populations); ²Williams and Mullan (1992); (resident populations, length at age data); ³Pend
Oreille River RKM 27.4–55.5 (McLellan 2001); ⁴Pend Oreille River RKM 55.5–145.0 (Ashe and Scholz 1992); ⁵Ashe and Scholz (1992); ⁶Nine and Scholz
(2005).

aged 26–29 mm in length from ages 6 to 8. Eight year old westslope
cutthroat averaged 435 mm TL.
Fraley and Shepard (2005) validated their estimates of growth
in two ways. First, they collected both scales and otoliths from 20
individuals, and aged both structures. Ages based on scales underestimated fish ages by about 1 year (range 0–4 years) in comparison
to otoliths. Second, they marked fish and determined the length at
both the times the fish were captured and when it was recaptured.
This was converted into growth (in mm/day) and multiplied by 365
days to convert it to annual growth. A total of 14 fish were recaptured. Of these, 11 were less than 339 mm (age 5) and averaged 46
mm in annual growth between the time of capture and recapture
rather than the 57–82 mm based on back-calculation. Three fish,
greater than 339 mm (age 5) at the time of original capture, averaged 14 mm in annual growth between the time of capture and
recapture rather than the 26–29 mm based on back-calculation.
These data indicate that growth based on recapture date was less
than growth projected by scales, which supported the ages based
on otoliths rather than scales.
Nine and Scholz (2005) sampled 53 adfluvial westslope cutthroat,
191–429 mm TL, in Sullivan Lake, Pend Oreille County These cutthroat trout averaged 153 mm TL and 42 g at age 1+, 254 mm TL and
174 g at age 2+, 323 mm TL and 329 g at age 3+, and 355 mm TL and
392 g at age 4+ based on scale aging.
In Lake Chelan, Chelan County, 62 westslope cutthroat, 200–
500 mm TL, were collected in 1981 and 1982 (Brown 1984). Only
2–10 year old fish were captured, indicating that they represented

adfluvial life history variants that had migrated into the lake from
the tributaries. The average total length of each age present in the
lake was 243 mm TL at age 2+, 316 mm TL at age 3+, 298 mm TL
at age 4+, 310 mm TL at age 5+, 302 mm TL at age 6+, 312 mm TL
at age 7+, 305 m TL at age 8+, and 345 mm TL at age 10+ (Brown
1984).
In the Methow River Basin, Okanogan County, westslope cutthroat trout populations were composed primarily of resident
stream-dwelling individuals that grew slowly, lived for 12 to 13
years, and attained maximum lengths of about 185–248 mm FL
(Williams and Mullan 1992). The largest fish in these populations
measured 248 mm FL and weighed 195 g (age 7+) (Mullan et al.
1992). In Washington, the state angling record for westslope cutthroat, from Abernathy Lake, Okanogan County in 2006, weighed
2.1 kg (4.71 lbs).
Fecundity of females that averaged 355 mm TL and 0.5 kg weight
ranged from about 1,000–1,500 eggs (Roscoe 1974). Mean fecundity of 8,785 westslope cutthroat trout that averaged (ranged) 266
(221–363) mm TL was 917 (667–1,027) eggs/female (Brown 1984).
These fish were collected in tributaries of Lake Chelan during eggtake operations by the WDFW between 1916 and 1927. Westslope
cutthroat spawn from March to July at water temperatures of 10–
15°C (Trotter 1987).
Westslope cutthroat constructed oblong redds that ranged from
0.6 m long × 0.3 m wide to 1.0 m long × 0.5 m wide (Shepard et
al. 1984). Eggs usually hatch in 6–8 weeks and swimup fry emerge
from the gravel about 2 weeks later. They preferred gravel substrate
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2–70 mm in diameter, current velocity 0.3–0.37 m/s, and depth
of 17–20 cm (Liknes 1984; Shepard et al. 1984). Normally, about
50–70% of the eggs survived to emerge from the redd. Irving and
Bjornn (1984) reported that when westslope cutthroat redds were
composed of 10–20% fines (i.e. silty sediments), only about 25–35%
emerged and when fines increased to 45%, only about to 0–1%
emerged.
Juvenile westslope cutthroat trout are usually found in pools
and runs at temperatures ranging from 7–16°C (48–61°F) (Wilson
et al. 1987; Peters 1988; Fraley and Graham 1991). Adult westslope
cutthroat trout most often frequent pools with cover provided by
undercut banks, rocks (boulder) structures of large woody debris (Pratt 1984; Lewynksky 1980; Peters 1988; Ireland et al. 1993;
Shepard et al. 1994; Brown and McCauley 1995).

Lahontan cutthroat trout
The life history of Lahontan cutthroat trout was described by Sigler
et al. (1985) and Gerstung (1988). Lahontan cutthroat became sexually mature at age 2 (males) or 2–4 (females) and have a maximum
life expectancy of 9 years; however, few live more than 6 years
(McAfee 1966).
Growth of Lahontan cutthroat trout is available for 4 lakes in
eastern Washington; Omak Lake (Okanogan County), Lake Lenore
(Grant County), Sprague Lake (Adams and Lincoln counties), and
Granite Lake (Spokane County). In Omak Lake, Lahontan cutthroat
in 1975 measured 406–508 FL at age 2, 508–584 mm FL at age 3, 584–
660 mm FL at age 4, and 660–686 mm FL at age 5 (Koch 1975). The
largest fish measured 787 mm TL and weighed 5.5 kg (Koch 1975).
In Lake Lenore, Grant County all female Lahontan cutthroat
trout spawned in 1989–1994 averaged 412 mm TL and 0.8 kg (age
2), 572 mm TL and 1.5 kg (age 3), 592 mm TL and 2.0 kg (age 4),
and 650 mm TL and 2.7 kg (age 5) (Foster et al. 1995; Williams et
al. 1996). All males spawned at Lake Lenore during the same time
interval averaged 413 mm TL and 0.8 kg (age 2), 533 mm TL and
1.5 kg (age 3), 652 mm TL and 2.1 kg (age 4), and 680 mm TL and
3.0 kg (age 5).
Lahontan cutthroat were stocked in Granite Lake, Spokane
County, in November 1987 at an average (range) in length of 116
(78–149) mm TL and an average weight of 15 g (Chess 1990; Chess
et al. 1993). They grew to an average (range) of 154 (113–225) mm TL
and an average weight 44 g (n = 7) by spring of 1988, 278 (231–
350) mm TL and 209 g (n = 66) by summer of 1988, and 319 (240–
360) mm TL and 278 g, (n = 12) by fall of 1988 (Chess 1990; Chess et
al. 1993).
Age 0+ Lahontan cutthroat trout (n = 13) at Sprague Lake,
Adams and Lincoln counties measured 120 mm TL and weighed 16
g shortly after they were planted in 1986. They grew to an average
291 mm TL and 244 g at the age of 1+ (n = 60) in 1987 (Whalen 1989)
and 431 mm TL and 797 g at the age of 2+ (n = 91) in 1988 (Willms
1988; Willms et al. 1989).
In Pyramid Lake, Nevada, Lahontan cutthroat grew to FL of 217
mm at age 1, 291 mm at age 2, 362 mm at age 3, 436 mm at age 4, 499
mm at age 5, 573 mm at age 6 and 629 mm at age 7 (Sigler et al. 1983;
Sigler and Sigler 1987). In Walker Lake, Nevada, Lahontan cutthroat
grew to FL of 103 mm at age 1, 207 mm at age 2, 318 mm at age 3,
416 mm at age 4, 493 mm at age 5, 559 mm at age 6, and 649 mm at
age 7 (Koch et al. 1979). Pyramid and Walker lakes are both classified as eutrophic (highly productive) and Lahontan cutthroat trout
planted in both lakes commonly grew to 5 kg (8 lb). Hatchery raised
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Lahontan cutthroat trout planted in Walker Lake at age 18 months
(152–178 mm FL) after 18–24 months of residence in the lake grew to
about 635 mm (25 inches) FL and weighed 4.4 kg (7 lb).
The Washington state record Lahontan cutthroat trout, caught
in Omak Lake, Okanogan County in 1993, weighed 11.3 kg (18.04
lbs). The world record Lahontan cutthroat from Pyramid Lake,
Nevada in 1925 measured 990 mm (39 in.) and weighed 25.6 kg (41
lbs) (McAfee 1966).
Fecundity of 46 female Lahontan cutthroat averaged approximately 800 eggs/female for fish 305 mm (12 inches) TL, 1,100 eggs /
female for fish 356 mm (14 inches) TL and 1,700 eggs/female for fish
406 mm (16 inches) TL (McAfee 1966). Gerstung (1988) recorded
that 280, 300 and 380 mm TL Lahontan cutthroat contained 739,
1,200 and 2,000 eggs per female respectively. At Pyramid Lake,
where cutthroat trout frequently exceed 500 mm TL, fecundity
averaged (ranged) 3,815 (1241–7,963) eggs per female (Sigler and
Sigler 1987).
Fecundity of 46 females collected at Omak Lake, Okanogan
County, Washington between 26 April and 3 May, 2000 totaled 108,921 and averaged 2,356 eggs per female (Arterburn and
Christensen 2003a). Of those, 83,917 (77%) survived to the eyed egg
stage and 47,933 were eventually planted in Omak Lake on March
14–21, 2001 (Arterburn and Christensen 2003a).
Lahontan cutthroat are obligatory stream spawners. Some
adfluvial Lahontan cutthroat trout make spawning migration of
140–200 km but most resident populations in streams make much
shorter migrations (Gerstung 1988). Lahontan cutthroat prefer
gravel sizes from 6 to 50 mm, current velocities of 4–6 cm/sec,
and water temperatures less than 13.3°C (Vigg and Koch 1980).
Females dig redds in gravel bottom streams similar to other species
of salmon and trout. They spawn from April to early July. Young
emerge from their redds in one to two months.
Fry residing in streams preferred water depth of less than 8 cm
and current velocities less than 15 cm/sec (reviewed by Gerstung
1988). Most (about 80%) of adfluvial Lahontan cutthroat trout migrate into their lake soon after emerging from the spawning gravel.
About 20% of the population migrates to the lake when they are
about 1 year old.
Lahontan cutthroat trout are tolerant of both high temperatures
and high alkalinity. They survived for >96 hours at a temperature of
24°C (Dickenson and Vineyard (1999). They survived in water from
nine lakes in which salinity ranged from about 90–12,000 mg/L and
alkalinity ranged from 60–3,500 mg/L as HCO₃- (bicarbonate ions)
(Galat et al. 1985). Part of their survival appears to be linked to a
mechanism where they absorb divalent contains (Ca++ or Mg++) in
exchange of ammonium (NH₄+) excretion (Iwama et al. 1997).

Pink Salmon
Neave (1966), Alexandersdottin and Mathisen (1983), and Heard
(1991) reviewed the life history of pink salmon. Hard et al. (1996a,
1996b) reviewed the status of pink salmon from Washington,
Oregon and California. Pink salmon are the smallest of the five
species of Pacific salmon, averaging about 1.0–2.5 kg in weight,
but they are by far the most abundant species. During the 1970s
and 1980s, the commercial harvest world-wide averaged about 160
million pink salmon, 46 million chum salmon, 41 million sockeye
salmon, 10 million coho salmon and 3 million Chinook salmon.
Pink salmon are invariably anadromous and spawn when they
are two years old (Gilbert 1914), although occasionally 3-year-olds
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have been reported (Anas 1959; Turner and Bilton 1968). All stocks
of pink salmon in the state of Washington spawn in odd years except for the stock in the Snohomish River, which spawns in both
even and odd years (Rousnfell and Kelez 1938; Atkinson 1956; Ellis
and Noble 1959; Neave 1965).
Odd year pink salmon are genetically more similar to other
odd year pink salmon across broad geographic areas then they
are to even year pink salmon in the same natal stream and vice
versa (Aspinwell 1974; Beacham et al. 1985). To account for this observation Aspinwell (1974) suggested that odd and even year pink
salmon populations arose in different glacial refugia during the
Pleistocene.
Pink salmon generally spawn close to saltwater, rarely traveling
more than 50 km inland from the sea. They are not adept at leaping
waterfalls and in coastal streams their upstream migration is often blocked by a waterfall that other species can surmount (Heard
1991). Intertidal spawning occurs in some populations (Hunter
1959; Heard 1991). The spawning migration (in odd years only)
in Washington state, occurs in late August and early September.
Spawning takes place from late September through October.
Pink salmon exhibit striking sexual dimorphism (Figure 16.1).
Males develop enormous humps on their backs, and the upper jaws
becomes hooked with large teeth. Sexually mature females undergo
minor morphological change, but both sexes “color up,” and display
green heads and backs with dull red to lilac colored flanks. Heard
(1991) speculated that the humped back of the male may serve to
divert the attention of predators such as grizzly bears away from egg
laden females.
The spawning behavior of pink salmon was described by
Chebanov (1980; 1982) and Keenlyside and Dupuis (1988). Male
pink salmon cluster in groups of 2–10 or more around a female.
Usually the largest male stays closest to the female and aggressively
defends his position. Smaller males reduce aggressive interactions
by having morphology and behavior like a female. They function
as sneaker (or satellite) males that dash into the redd at the moment when the female releases her eggs and dominant male releases his sperm. These satellite males release their own milt and
fertilize a portion of the eggs.
Females spawn in fast flowing currents (30–140 cm/s) and usually dig their redds in riffles composed of medium to large sized
gravel (Heard 1991). Pink salmon construct elliptical redds, about
1 × 2 m, in water that is 10–15 cm deep (McNiel 1957; Heard 1991).
Mean fecundity of 28 populations of pink salmon from
throughout their range averaged (ranged) 1,617 (1,141–2,268) eggs/
female (Rounsefell 1957; Heard 1991). Substantial egg loss occurs
due to superimposition of redds. Pink salmon spawn in such high
numbers that it is not unusual for a later spawning female to uncover the eggs that an early spawning female had buried. The average egg loss appears to be about 48.6 to 56.0% (reviewed by Heard
1991). The overall freshwater survival from egg to migrant fry of 21
populations sampled over a combined total of 160 years averaged
(ranged) 16.4% (0.1–85.5%) (Heard 1991).
Juvenile pink salmon migrate to the ocean soon after emerging
from the gravel. Pink salmon fry form schools and travel downstream at speeds in excess of the current (Wickett 1959c) predominantly at night (Heard 1991). Some pink fry move offshore immediately upon entering saltwater and may be 50–70 km offshore within
a few days (Neave 1966; Healey 1987). Others may remain within the

estuary for 2.5–3.0 months (Bailey et al. 1975) or follow the shoreline
in shallow water <1 m deep (Healey 1967; Cooney et al. 1978).
Tag returns have documented that pink salmon originating in
Washington generally migrate northward along the coast of British
Columbia and Southeast Alaska until they reach the Gulf of Alaska
(54°N latitude) during their first summer at sea (Neave 1964; Hartt
1980; Takagi et al. 1981). They then migrate in a counter clockwise
direction in the Gulf of Alaska gyre current, which takes them far
offshore and then brings them back to the Alaska coast by the summer of their second year. During the summer and fall of their second year, they turn south and parallel the coast to return to their
natal streams. Juveniles migrate at a rate of 5.6–19.8 km day on
their seaward migration. Adults migrate at rates of 28.5–77.2 km/
day (reviewed by Heard 1991). During their time on the high seas,
pink salmon made diurnal vertical migrations, moving into depths
of 0–12 m to feed at night and into deeper water during the day
(Pearcy et al. 1984).
Sexually mature two year old pink salmon have an average (range) total length of about 508 (356–762) mm [20 (14–30)
in.]. Average body weight of pink salmon caught in Washington
coastal areas just before spawning between 1962 and 1971 averaged (ranged) 2.51 (2.26–2.84) kg. The Washington state record
pink salmon, caught by an angler in the Skykomish River in 2001,
weighed 6.75 kg (14.9 lb).
Migrant fry to adult survival during the marine phase of the
pink salmon life cycle averaged (ranged) 3.1% (0.8–5.4%) for Fraser
River stocks between 1961 and 1979 (IPSFC 1986).

Chum salmon
Bakkala (1970) provided a synopsis of the biological data on chum
salmon. Pauley et al. (1988) profiled the life history and environmental requirements of chum salmon in Washington. Salo (1991)
presented an excellent comprehensive review of the life history of
chum salmon. Johnson et al. (1997) reviewed the status of chum
salmon from Washington, Oregon, and California.
Chum salmon in the ocean are silver. After they return to the
river they develop a color pattern looks like different colors of paint
have been tossed against the wall and dried in streaks (Figure 16.2).
Chum salmon usually spawn in freshwater, although examples
of intertidal spawning have been documented (Bailey 1964; Salo
1991). Chum salmon return as spawning adults principally at ages
3–4, with a few precocious males returning at age 2 and a few adults
of both sexes (mostly females) returning at age 5. Chum salmon
(n = 1,346) collected in the Columbia River below Bonneville Dam
between 1998 and 2005 where comprised of, 10 (<0.1%) age 2, 492
(37%) age 3, 763 (57%) age 4, and 81 (6%) age 5 fish (Van der Naald
et al. 1999, 2001, 2002, 2003, 2004, 2005, 2006; Tamaro et al. 2007).
Chum salmon males in the Columbia River averaged (ranged)
690 (600–800) mm FL at age 2 (n = 10), 750 (600–940) mm FL at
age 3 (n = 170), and 818 (670–940) mm FL at age 4 (n = 44) (Van der
Naald et al., Ibid; Tamaro et al., Ibid). No age 2 females were caught.
Females averaged (ranged) 694 (580–850) mm FL at age 3 (n = 322),
735 (610–900) mm FL at age 4 (n = 379), and 757 (630–950) mm FL
at age 5 (n = 37) (Van der Naald, Ibid; Tamaro et al., Ibid). Thus,
males were 60–88 mm larger than females at a given age. Weight
of chum salmon captured in the Columbia River from 1938–1976
averaged (ranged) 5.58 (4.90–6.40) kg (INPFC 1979). Chum salmon
attain maximum lengths of 1,088 mm (42.8 in.) TL and maximum
weights of 20.8 kg (33.3 lbs) (Pacific Fisherman 1928).
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Figure 16.1

A) Male pink salmon that was the state angling record (6.75 kg). B) A female pink salmon.

Figure 16.2

Male chum salmon with spawning colors that resemble streaked paint.

Ishida et al. (1993) reported that from 1953–1988, chum salmon
increased in number in the North Pacific and spawned at older
ages and smaller sizes. These results are consistent with the notion
that the ocean is limited in productivity and that these changes
compensated for the increased numbers of chum salmon.
Fecundity averaged (ranged) 2,241 (2,028–2,534) eggs/female
chum salmon returning to hatcheries in the Columbia River drainage, Washington. In North America fecundity of individual females ranged between 2,018 and 3,977 eggs/female (Salo 1991).
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At Ives and Pierce Islands (in the Columbia River below
Bonneville Dam) chum salmon spawned in upwelling groundwater that was significantly warmer than surrounding river water
(Geist et al. 2001, 2002). Mean river temperature was 5.7°C and
mean redd temperature was 8.3°C. Apparently geothermal springs
were responsible for this temperature difference. Salo (1991) also
reported that many stocks of chum salmon in both Asia and North
America select spawning areas where warm water springs discharge into a river. Width of the redds averaged 2.5 m in diameter.

Fishes of Eastern Washington: A Natural History

Subfamily Salmoninae

Redds of chum salmon in tributaries of the Columbia River
were constructed in gravel and cobble substrate (Burner 1951).
Current velocities and depth of 1,000 chum salmon redds in
Washington averaged (ranged) 50.3 (0.0–167.6) cm per second and
27.1 (13.4–49.7) cm, deep respectively (Johnson et al. 1971).
The spawning behavior of chum salmon was described by Tautz
and Groot (1975), Schroder (1981, 1982); Duker (1982) and Tiffan et
al. (2005). A female may incorporate several egg pockets in her redd,
with each egg pocket fertilized by a different male. A female usually
completes her spawning activity within 48 hours of initially constructing her redd, whereas males remain sexually active for 10–14
days. A portion of the eggs are fertilized by satellite males.
Incubation time depends on temperature. At water temperature at
2.8 °C it took eggs 182 days to hatch and 325 days for chum salmon to
completely absorb their yolk sac and emerge from the gravel (Graybill
et al. 1979). At 4.8 °C it took 118 days for eggs to hatch and 200 days for
emergence. At 7.2°C it took 86 days for eggs to hatch and 157 days for
emergence (Graybill et al. 1979).
Chum salmon required a minimum of 1.67 mg/L dissolved
oxygen (DO) and their survival rate dropped sharply when the DO
level dropped below 2 mg/L. Survival to emergence was greatly affected by the percentage of sediment fines found within the redd.
Koski (1975) found that survival to emergence was approximately
70% when redds contained 10% or less sand, 44% when redds contained 30% sand and <20% when redds contained 50% sand.
Adult chum salmon enter the Columbia River in mid October
through November and spawn in November and December (Chaney
and Perry 1976; Usitalo 2003). Fish that spawn at this time emerged
from the gravel between 25 February and 5 April (Van der Naald et al.,
Ibid; Tamaro et al., Ibid). Out-migration took place soon after emergence. Peak out-migration generally occurred within a few days of
peak emergence (Van der Naald et al., Ibid; Tamaro et al., Ibid).
Out-migration of chum salmon is nocturnal (Salo 1991). Chum
fry, ranging from 42–62 mm TL, traveled 7 km/day. During their
downstream migration chum salmon fry traveled in small schools,
remained oriented upstream facing into the current, and fed continuously (reviewed by Salo 1991). The intensity of their feeding increased as they approached the sea.
Chum salmon already have high levels of gill Na+/K+ ATPase activity when they emerge from the gravel at length of 48–55 mm TL.
Thus, they are “pre-adapted” to enter the ocean immediately after
emergence and actually lost their osmoregulatory capability when
they were reared for an extended period in freshwater (Salo 1991).
Chum salmon smolts can spend about 3–23 weeks in the estuary acclimating to seawater. During this time they are found in
tidal creeks and channels in beds of eelgrass Zostera marina. Their
length of residence is determined by forage availability.
Salo (1991) reviewed a number of studies that determined egg
to emergent fry survival. Average (range) in survival was 17.8%
(0.1–85.9%) (n = 8 studies) in natural stream environments. Salo
(1991) also reviewed 9 studies that provided data on marine survival. The average (range) in survival from emergent fry to spawning adults was 1.3% (0.01–3.2%). Most of this mortality occurred
within the first few months at sea (Parker 1962).
Predation by other fish, especially coho salmon, rainbow trout,
dolly varden charr, bull charr and sculpin on migrating chum salmon
smolts can be extensive. Salo (1991) reviewed six studies that estimated
mortality due to predators and reported that the average rate observed

during the freshwater migration was 43.5% over a total distance migrated as short as 2.6 km.
Tagging studies have revealed that most stocks of chum salmon
released in North American rivers migrate northwards following the
coastline to the Gulf of Alaska. They then swim in a counter clockwise circle in the Alaskan Gyre, traveling west as far as 170°W latitude.
During the year they mature, they break off this pattern by swimming
north then east, until contacting the coast. They then follow the coastline south back to their home stream (reviewed by Salo 1991).
Chum salmon migration back to their spawning grounds is
rapid. At sea they migrated up to 80 km/day (Lyamin 1949). They
pause briefly at the river mouth and may spend several days milling there (Hunter 1959) until stimulated to ascend the river by fall
rains. Chum salmon traveled up the Anadyr River, Siberia at a rate
of 40–50 km/day (Lyamin 1949).

Coho salmon
The life history of coho salmon was compiled by Laufle et al. (1986)
and Sandercock (1991). Status reviews for Columbia River coho
were made by Johnson et al. (1991) and Weitkamp et al. (1995). Coho
were effectively extirpated from the mid-Columbia area by 1980.
Dunnigan (1999), Dunnigan et al. (2002), Murdoch and Dunnigan
(2002); Murdoch and LaRue (2002), Murdoch and Kamphaus (2003),
Murdoch et al. (2004, 2006a, 2006b, 2006c, 2007), Kamphaus and
Murdoch (2004, 2005) and Bosch et al. (2007) have described experimental attempts to reintroduce coho native to tributaries below
Bonneville Dam into the tributaries of the mid-Columbia between
the Yakima and Methow rivers. Coho salmon were also extirpated
from the Snake River system by 1985. Since then the Nez Perce Tribe
has been attempting to restore them in tributaries of the Snake, particularly in the Clearwater River, Idaho.
In the Columbia Basin coho have two major life histories: an
“early run” group, with an ocean distribution mainly south of the
Columbia River that returns to the river in August and September,
and a “late run” group, with an ocean distribution mainly north
of the Columbia River that returns to the river in September and
October (Johnson et al. 1991).
Coho return as either 2 year old jacks (precocious males) or as
3 year old adults. The ratio of jacks to adults is usually about 15%
jacks to 85% adults for early run coho while the ratio is closer to
50% jacks to 50% adults in late run fish (WDFW and ODFW 2002).
About 0.5–2.0% of coho from a given cohort survive to return as
eitehr jacks or adults. Returning adults exhibit sexual dimorphism
(Figure 16.3).
In the Wenatchee River, 2000–2004, the mean (range) FL
of spawning 3 year old coho was 657 (488–797) mm for females (n = 2,435) and was 636 (332–846) mm males (n = 2,780)
(Murdoch et al. 2001; Murdoch and Kamphaus 2003; Kamphaus
and Murdoch 2004, 2005; Kamphaus et al. 2006). In the Methow
River, 3-year-old female coho (n = 206) averaged 609 mm FL and
3-year-old males (n = 482) averaged 600 mm FL from 2001–2004
(Murdoch and Kamphaus 2003; Kamphaus and Murdoch 2004,
2005; Kamphaus et al. 2006). The average weight of adult coho entering the Columbia River was about 4.5 kg (9.9 lbs). The largest
coho ever caught, in the Strait of Juan De Fuca in 1947, weighed
14.0 kg (30.8 lbs). (Hart 1973).
Fecundity increased with latitude, with an average fecundity
ranging from about 4,500 eggs per female in southeast Alaska to
about 2,350 eggs per female in the Columbia River (Rounsefell
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Figure 16.3

Sexual dimorphism in spawning coho salmon. A) female and B) male with red body color and kype (hooked snout).

1957; Flemming and Gross 1990). Flemming and Gross (1992)
determined that reproductive behavior and breeding potential of
hatchery and wild fish did not appear to differ.
Average fecundity of coho (n = 10,540) at Bonneville hatchery
from 1978–1982 averaged (ranged) 2,606 (2,220–2,948) (Howell
et al. 1985a). In the Wenatchee River, 2002–2005, fecundity of 3
year old females averaged 2,692 eggs/female (Murdoch et al. 2003,
2006a, 2006b). In the Yakima River, average fecundity was estimated at 2,933 eggs/female in 1998 (Dunnigan 1999; Dunnigan et
al. 2002). The weight of the gonads ranged from about 11–32% of
total body weight in females and about 5–12% of total body weight
in males (Beacham 1982; Sandercock 1991).
The spawning behavior of coho salmon was described by Burner
(1951), Briggs (1953) and Shapovalov and Taft (1954). A female digs
a redd by turning over on her side and scooping out gravel with
violent thrusts of her tail. The depth to which she buries her eggs
is a function of her size (Venden Berghe and Gross 1984). A 500
mm FL female buries her eggs to a depth of 100 mm, a 670 mm
FL female buries them to a depth of 150 mm, and a 750 mm FL
female buries them to a depth of 200–225 mm. After a ritualized
mating dance with her breeding partner, the female swims over the
depression arching her body as she pushes her anal fin down into
the gravel. With mouths agape, their bodies quiver, and they simultaneously deposit their sperm and eggs. At least 97% of the eggs
deposited in a redd remain there and a high percentage of them are
fertilized (Shapovalov and Taft 1954). The female then buries the
eggs. Females may dig new nests (called egg pockets) within the
redd and spawn with multiple partners on successive days. After
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spawning, males and females survive an average (range) of 11–13
(3–32) days before they die (reviewed by Sandercock 1991).
Coho redds in Wenas Creek, Yakima River Basin, were constructed where the median gravel size was 9–26.5 mm, pit velocity
in the redd averaged 0.4 m/s, and the tail spill velocity averaged
1.6 m/s (Dunnigan et al. 1999). Coho spawned at water temperatures of 5.6–13.3°C (Briggs 1953). After fertilization it took about
six weeks for the eggs to hatch and eight more weeks for alevins to
emerge at 10°C (50°F). At 6°C development was much slower than
this (Kenecki et al. 1995).
Egg to emergent fry survival ranges from about 0–78%, with a
mean value of about 27% (Neave 1949; Briggs 1953; Shapovalov and
Taft 1954; Koski 1966; Phillips et al. 1975; Tagart 1984). Upon emergence coho fry briefly form schools that eventually break up as individual fish establish feeding territories. They then become solitary
and aggressively defend their territory against encroachment. Most
territories are located in quiet water in proximity of cover (e.g., underneath undercut banks with over hanging branches, near large woody
debris, or behind rocks in deep pools). As they grow older the size
of their territory expands. A hierarchal pecking order is established
with larger fish having optimal territories that provide better growth
opportunities.
Some coho fry, called nomads, move downstream shortly after
they emerge (Chapman 1962). Nomad fry are smaller than typical
coho fry, which are aggressive and territorial. Nomads transferred
to natural stream barren of coho remained there while nomads
added to streams where there was already a resident population
of coho tended to move downstream. Coho fry grow from about
30 mm at emergence to 80–95 mm by March of their second year
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and to 100–130 mm by May of their second year (Rounsefell and
Kelez 1940). Fry and fingerlings are characterized by their distinctive parr marks, which afford protective coloration by helping the
fish to blend in with the stream bank environment. The parr marks
are melanophores (pigment cells) in the skin. Fingerlings are also
called parr because of these marks. Coho parr prefer pool habitat,
especially pools with large woody debris (LWD) (Reisenfield et al.
2000). Densities of coho increased 1.8–3.2 times in streams that
were dammed to create more pool habitat to which LWD was added
(Solazzi et al. 2000; Roni and Quinn 2001).
Smolt transformation usually occurs in age 1+ fish. Coho smolt
when they reach a size of about 100 mm and weight of about 11 g.
Smolt transformation begins in the spring of the second year and
takes about 30–45 days to complete. During the smolt stage the
fish turn silvery. Coho smolts migrate downstream almost exclusively at night between 2100 hours and 0400 hours in April and
May (Hoar 1951; McDonald 1960; Mason 1975). They also develop
tolerance to sea water, during the smolt stage.
Coho that migrate to sea as fry did not survive the experience
(Crane and Bond 1976). Otto (1971) and Kennedy et al. (1976) observed that coho fry placed in sea water all died. Wiesbart (1968)
investigated osmotic and ionic regulation in coho and determined
that coho must reach a size of about 70–80 mm FL (i.e., fingerling
size) before they can regulate their osmotic concentrations in saltwater. Otto and McInerny (1970) found the pre-smolts developed a
preference for saltwater when they attained a size of 70–80 mm FL.
The smolt migration begins earliest in the southernmost part of
the range of coho salmon. In California, it occurs from mid-March
to the beginning of June with a peak in mid-May. In Alaska, it occurs from about mid-May and ends in about mid-July with a peak
in mid-June (Sandercock 1971).
Although the smolt migration usually occurs in age 1.5 fish
it can be delayed to age 2.5 in cold, unproductive northern lakes
where the fish are slow growing. Size rather than age seems to
be the most important factor regulating smoltification in coho
salmon. If coho do not reach 100 mm TL by age 1.5 they delay their
smolt migration until age 2.5.
Emergent fry to smolt survival has been estimated as ranging between 0.7–9.65% and usually averaged between 1 and 2%
(Sandercock 1991).
In the Wenatchee River egg to migrant smolt survival was estimated at 10.4% in 2002 based on the deposition of 164,700 eggs
(61 redds × 2,700 eggs/redd) in fall 2000 and enumeration of 17,054
yearlings smolts passing through a smolt trap in the lower Wenatchee
River in spring 2002 (Murdoch et al. 2004). Based on similar counts,
egg to migrant smolt survival was at 8.9% in 2003, 7.8% in 2004, and
4.5% in 2005 (Murdoch et al. 2006a, 2006b, 2006c).
In the Wenatchee River, coho smolts migrate from March to
June, usually with a distinct peak in late April to mid-May (Murdoch
et al. 2006). It took PIT-tagged smolts 43–49 days to migrate from
the Leavenworth Hatchery on Icicle Creek, tributary of Wenatchee
River, to McNary Dam on the Columbia River. The PIT tags also
provided data on the percentages of fish surviving the migration
from Leavenworth Hatchery to McNary Dam, which averaged
(ranged) 55.4% (17.5–87.4%) between 2000 and 2005 (Murdoch and
Dunnigan 2002; Murdoch and LaRue 2002; Murdoch et al. 2004,
2006a, 2006b, 2006c). It took coho smolts an average 51–52 days to
migrate from Winthrop NFH on the Methow River to McNary Dam.
Survival of coho smolts between Winthrop NFH and McNary Dam

averaged (ranged) 23.7% (9.9–33.3%) from 2000 to 2005. Godfrey et
al. (1975) determined that coho from Washington state, after entering the ocean generally migrated only a short distance to good feeding grounds and remained there until they became sexually mature.
Yearling smolts, about 18 months old are normally released
from hatcheries in early May to late May at 125–140 mm FL. Those
released from Willard National Fish Hatchery (NFH) on the Little
White Salmon River (Skamania County) or Carson NFH on the
Wind River (Skamania County) on 23 May, arrived in the estuary
on 05 June or 08 June respectively, having traveled downstream
286 and 347 km respectively, at a rate of 21 km/ day and 22 km/ day
respectively (Dawley et al. 1982, 1985; Howell et al. 1985a).
In the Wenatchee River wild yearling coho smolts migrated between 2 March and 30 June, with peak migration between April 25
and May 12, 2003 (Murdoch et al. 2005), and from 29 March to 4
July with a peak between 27 May and 18 June, 2004 (Murdoch et al.
2006). In the Wenatchee River, hatchery coho smolts migrated between 14 March and July 10, with a peak between May 11 and May
24, 2003 (Murdoch et al. 2005) and from 24 March to 20 June, with
a peak between 7 May and 27 May, 2004 ( Murdoch et al. 2006).
Based on coded wire tag recoveries early run coho at sea are caught
off the coasts of Washington (20.3%) and Oregon (54.9%), with fewer
caught off the coasts of California (6.9%), British Columbia (3.2%),
Alaska (0%) and in the Columbia River (16.7%) (French et al. 1975;
Godfrey et al. 1975; Pearcy and Fisher 1988; Johnson et al. 1991). Based
on coded wire tag recoveries, late run coho are caught mainly off the
coasts of Washington (40.4%) and Oregon (28.0%), with fewer fish
from the coasts of California (0.3%), British Columbia (6.3%), Alaska
(0%), and Columbia River (25%). Coho generally remain within about
150 km of the coast while at sea.
Coho grow very rapidly once they reach the marine environment, at around 1.1 mm/day increase in body length and 2% increase in weight/day (Healey 1980). This means that a fish entering
the ocean in mid May at about 100 mm FL and 11 g at age of about 15
months, would, in October, measure 298 mm FL and weigh 0.6 kg
at an age of about 21 months. During their third year, they grow to
about 650 mm FL and average (range) weight of 4.3 (2.33–6.76) kg.
Coho, during the period they are feeding in the ocean, travel
at rates of about 3 km/day (Van Hyning 1951). However, during
their spawning migration they can travel at rates up to 55 km/day
(Clemens 1930; Royce et al. 1968), although migration rates of 10–
30 km/day are more common (Jensen 1953; Allen 1966; Godfrey et
al. 1975).
Coho make their upstream migration during daylight at a
rate of 2.7 km/hour (Neave 1943; Brett and MacKinnon 1954; Ellis
1962). Coho enter the Columbia from about mid August to mid
September. At Bonneville Hatchery, coho were spawned from 18
October to 31 December (Howell et al. 1985a).
Smolt to adult survival was estimated at 0.03 to 19.1%,
(Sandercock 1991). Average survival from smolt to adult stage in
the upper Columbia Basin ranges from about 0.2–0.9%.
Smolt to adult survival for individual coded wire tagged groups
of coho in the Wenatchee River ranged from 0.03–0.90% between
1999 to 2004 (Murdoch and Dunnigan 2002; Murdoch and LaRue
2002; Murdoch et al. 2004, 2006a, 2006b, 2006c). Smolt to adult survival for individual coded wire tagged groups of cohos in the Methow
River ranged from 0.03–0.29% between 2000 and 2004 (Murdoch
and Dunnigan 2002; Murdoch and LaRue 2002; Murdoch et al. 2004,
2006a, 2006b, 2006c). In general, smolt to adult survival has been
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consistently highest in naturally produced smolts, followed by midColumbia brood fish and lowest in Lower Columbia River brood fish.
For example, in 2002, 8 lots of Lower Columbia brood fish were released into the Wenatchee River. Their smolt to adult survival averaged 0.28%. In 2002, 3 lots of mid-Columbia brood fish were released
into the Wenatchee River. Their smolt to adult survival averaged
0.33%. In 2002, the smolt to adult survival of natural smolts in the
Wenatchee River was 0.90. In 2002, 4 lots of Lower Columbia brood
fish were released into the Methow River. Their smolt to adult survival
averaged 0.17%. One mid-Columbia brood group released into the
Methow in 2002 had a smolt to adult survival of 0.20% and a natural
smolt group produced in the Methow River had a smolt to adult survival of 0.29%. Mid-Columbia brood fish were derived from Lower
Columbia brood fish that had successfully returned to the Wenatchee
or Methow Rivers. These fish were spawned and released back into
the Wenatchee and Methow Rivers, so they have undergone artificial
selection. Naturally reproduced fish were also originally derived from
Lower Columbia brood fish and returned to spawn naturally in the
Wenatchee and Methow rivers so they have undergone several years
of natural selection. At this point it is unclear if the artificial or natural
selection is helping to select fish with greater energy reserves, and
thus, more stamina to migrate the longer distance back to the middle
Columbia tributaries. However, the results are encouraging.
The speed at which coho salmon bound for the Wenatchee or
Methow rivers travel up the Columbia averaged about 10 km/day.
It took 65 adult fish implanted with radio transmitters an average
(range) of 9 days (2–46 days) to travel 90 km from Vantage to Rock
Island Dam. After holding for an average (range) of 1 (0–19) days
at Rock Island 47 of these fish migrated 30.6 km up the Wenatchee
River in an average (range) of 4 (1–12) days.
Coho adults arrived in the Wenatchee River from 7 September
to 29 November and spawned from mid-October to late November
(Kamphaus and Murdoch 2005; Kamphaus et al. 2006; Murdoch
et al. 2006b). Coho adults arrived in the Methow River 1 October–25
November and spawned from 20 October to 17 December (Kamphaus
and Murdoch 2004, 2005; Kamphaus et al. 2006; Murdoch et al. 2006b).
Residuals” are coho that spend their entire life in freshwater
(Forester and Ricker 1953). They are derived from anadromous
parents rather than by a self-sustaining population of residents.
They are usually precocious males that participate in the spawning
act of larger adults by hovering around a mating pair of adults and
sneaking in to fertilize a portion of their eggs. They are often called
“satellite” or “sneaker” males on account of this behavior.
Berejikian et al. (2001) noted that in the cases where satellite
males were observed participating in the spawning act, subsequent
DNA genotyping of the offspring demonstrated that they did not
sire any progeny.
Residual coho are different from jacks. Jacks are male coho that
migrate to the ocean but become sexually mature at the age of 2
rather than the normal age of 3 (Iwamoto et al. 1984). Dunnigan
et al. (1999) estimated the mean abundance (range) of residual
coho in the Methow River at 0, in the Wenatchee River at 45
(15–562)/ 75,000 smolts released and in the Yakima River at 2,145
(75–21,505)/500,000 hatchery smolts released.
Murdoch and Dunnigan (2002) found no evidence of residualization of coho in Nason Creek (Wenatchee River Basin) in
2000. The estimated number (± 95% CI) of residual was 20 (4–48)/
891,800 smolts released into Icicle Creek (Wenatchee River Basin)
in 2000, and 25 (4–50)/ 199,800 coho released in the Methow
1080

River in 2000 (Murdoch and Dunnigan 2002). Murdoch and
LaRue (2002) also found no evidence of residual of coho in Nason
Creek in 2001. The estimated number of residuals (± 95% CI) was
10 (2–28)/ 855,167 smolts released into Icicle Creek in 2001, and
5 (5–15)/260,319 smolts released into the Methow River in 2000
(Murdoch and LaRue 2002).

Golden trout
Golden trout were indigenous to the headwater tributaries of
the Sacramento River and alpine lakes of the Sierra-Nevada in
California but they have been introduced into several lakes of the
Cascade Mountains in eastern Washington. No information is
available about age, growth, and reproduction of golden trout in
Washington. In California and Montana, their maximum lifespan
was typically 7–9 years (Brown 1971; Moyle 2002). Both sexes became mature at age 3 or 4 (Brown 1971; Moyle 2002). In Montana
Lakes, golden trout grew to 112 mm TL at age 1, 203 mm TL at age 2,
284 mm TL at age 3 and 335 mm TL at age 4 (Wydoski and Whitney
2003). In California streams, length and weight at age data were
collected from 196 golden trout from 17 tributaries of the Kern
River (Knapp and Dudley 1990). Length and weight were respectively 38 mm SL and <1 g at age 0 (n = 56), 71 mm SL and 6 g at age 1
(n = 10), 98 mm SL and 14 g at age 2 (n = 27), 118 mm SL and 24 g at
age 3 (n = 47), 132 mm SL and 32 g at age 4 (n = 28), 150 mm SL and
47 g at age 5 (n = 10), 131 mm SL and 33 g at age 6 (n = 10), 142 mm
SL and 33 g at age 7 (n = 5), and 161 mm SL and 55 g at age 9 (n = 1).
The world record golden trout, caught in Cooks Lake, Wyoming
in 1948, measured 711 mm (28 in.) TL and weighed 5.1 kg (11.25 lbs).
The Washington state record golden trout, caught in Washburn
Lake, Okanogan County in 2002, weighed 1.8 kg (3.9 lb.). The
Idaho state record was 2.3 kg (5.1 lbs) caught in White Sands Lake.
The Montana state record was 2.2 kg (4.9 lbs) caught in Lightening
Lakes. The Oregon state record was 3.5 kg (7.6 lbs) caught in the
Eagle Cap Wilderness adjacent to the Snake River in 1987.
A 201 mm (7.9 in.) female produced 326 eggs, a 298 mm (11.8
in.) female produced 765 eggs, and a 376 mm (14.8 in.) female produced 1,102 eggs (Curtis 1934; McAfee 1966). Females >400 mm FL
produced up to 2,300 eggs (Curtis 1934).
Spawning occurs in June and July soon after ice cover comes off
lakes in the high country and temperatures in inlet or outlet tributaries warm to 10°C (50°F). Spawning peaks when the temperature
is in the range of 16.1–17.7°C (61–64°F).
Females dig redds in substrate with small gravel, 2–19 mm (usually 4–12 mm) in diameter, current velocities of 30–70 cm/sec, and
shallow depths (4–21 cm) (Sefferud 1993; Knapp and Vredenborg
1996). Eggs hatch in about 20 days at 14°C (58°F). Alevins completely
absorb their yolk sacs and emerge from the gravel at about 38 days
post fertilization (18 days after hatching). At emergence fry are about
25 mm (1 in) TL. At about 45–50 mm (1.8–2.0 in) TL they move into
their lake (Curtis 1934).
Golden trout in their native range are residents in streams.
However, they have been successfully established in high mountain
lakes with inlets or outlets where they develop an adfluvial life history, growing in the lake and spawning in the inlet or outlet tributaries. Attempts to introduce golden trout in lakes without inlets or outlets have generally failed to establish self perpetuating populations
because they lack suitable spawning habitat (McAfee 1966).
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Coastal rainbow/steelhead and
Interior (redband) rainbow/steelhead
Steelhead are anadromous and rainbow trout are landlocked life
history variants of Oncorhynchus mykiss. Fisheries scientists recognize three major evolutionary lineages of steelhead/ rainbow trout in
North America that differ genetically enough to warrant subdivision
into distinctive subspecies Oncorhynchus mykiss aguabonita (golden
trout), Oncorhynchus mykiss irideus (coastal steelhead/rainbow trout)
and Oncorhynchus mykiss gairdneri (interior steelhead/rainbow trout)
(Behnke 1992). The inland subspecies is also called by the common
name redband trout.
Coastal steelhead/rainbow trout from California to Alaska are
uniform genetically and are designated as Oncorhynchus mykiss irideus. Interior steelhead/rainbow (redband) trout differ genetically.
Those from northern (Fraser and Columbia) basins are designated
as Oncorhynchus mykiss gairdneri. Those from the Klamath River,
Oregon are designated as Oncorhynchus mykiss newberryi. Those
from the Sacramento River, California are designated Oncorhynchus
mykiss stonei (Behnke 1979; 2003). The kamloops trout is a Columbia
River redband trout with an adfluvial life history. The California
golden trout from the Sacramento Basin is designated Oncorhynchus
mykiss aguabonita ( Behnke 1979, 1992, 2003).
The distribution of coastal steelhead (anadromous) and rainbow (resident) trout is usually allopatric, separated by a barrier fall.
Below the fall is the province of steelhead. Above the fall is the
province of rainbow trout. The distribution of inland (redband)
steelhead/rainbow trout is usually sympatric. In very cold headwater streams, juvenile steelhead have difficulty in attaining the size
needed to undergo smolt transformation and were thus “thermally
fated” to become resident redband rainbow trout as opposed to the
anadromous redband steelhead trout (Mullan et al. 1992).
Steelhead are subdivided into a stream-maturing type (known
as summer steelhead in the Columbia River Basin) and an ocean
maturing type (known as winter steelhead in the Columbia River
Basin). Summer steelhead return to the Columbia River from
March through October, and spawn in tributaries from February
to June in the calendar year following their return (WDFW and
ODFW 2002). Winter steelhead return to the Columbia River from
December through April. They spawn from February to June in the
same year of their return (WDFW and ODFW 2002). Most hatchery
raised summer and winter steelhead migrate to the ocean at age 1,
while most wild summer and winter steelhead migrate to the ocean
at age 2 or 3. This difference is a reflection of hatchery steelhead
growing to smolt size faster than wild steelhead. Summer steelhead
spend 1, 2 or 3 years at sea. Less than 1% are iteroparous spawners
(WDFW and ODFW 2002). Most winter steelhead spend two years
at sea. Less than 5% are iteroparous spawners (WDFW and ODFW
2002). Most winter steelhead return to tributaries below Bonneville
Dam and none return to tributaries above the Dalles Dam. In
Bonneville Reservoir, the Klickitat and Wind Rivers and a few minor tributaries support winter steelhead runs.
In contrast, summer steelhead return to tributaries below and
above Bonneville Dam. They formerly ascended the Columbia
upstream as far as the Spokane (RKM 1,029) and Pend Oreille
(RKM 1,194 km) rivers, and the Snake River to Shoshone Falls
(about 952 km above the confluence of the Snake and Columbia
Rivers, or 1,472 km from the sea) (Fulton 1970). In the Columbia/
Snake River Basins the upriver run of summer steelhead are further subdivided into A-run or B-run fish. A-run fish enter the

Columbia River in June–August (pass Bonneville Dam before
August 25). B-run steelhead enter the Columbia River from late
August to October (pass Bonneville Dam after August 25). A-run
steelhead usually return after one year in the ocean, whereas B-run
steelhead usually return after two years in the ocean, and are, consequently, 75–100 mm larger than A-run steelhead. A-run steelhead return to tributaries in both the Columbia and Snake Rivers
whereas B-run steelhead are limited to only the Clearwater and
Salmon River drainages, tributaries of the Snake River in Idaho.
In addition to the anadromous (steelhead) life history, interior
(redband) rainbow may exhibit one of three freshwater life history
strategies; 1) resident, 2) fluvial, or 3) adfluvial.
Back-calculated total lengths for rainbow trout from various
locations in eastern Washington are recorded on Table 16.5. The
average total length was 109 mm TL at age 1, 189 mm TL at age
2, 263 mm TL at age 3, 316 mm TL at age 4, 350 mm TL at age 5,
342 mm TL at age 6, 314 mm TL at age 7, 736 mm TL at age 8 and
206 mm TL at age 9. The reason why total lengths varied beyond
age 5 was that this list represents a variety of life history types.
Resident rainbow in streams were generally longer lived and grew
to shorter lengths than adfluvial rainbow in lakes.
The average length of resident rainbow trout that occupied
20 tributaries of Lake Chelan was 56 mm TL at age 1,(n = 293),
122 mm TL at age 2 (n = 188), 171 mm at age 3 (n = 74), 191 mm TL
at age 4 (n = 17), and 196 mm at age 5 (n = 1). In Lake Chelan, most
adfluvial rainbow migrated from tributaries to the lake at age 2. In
Lake Chelan, the average total length of adfluvial rainbow trout
was 269 mm at age 3 (n = 21), 346 mm at age 4 (n = 104), 409 mm
at age 5 (n = 61), 458 mm of age 6 (n = 28), 466 mm at age 7 (n = 7),
and 736 mm at age 7 (n = 1) (Brown 1984). The largest rainbow
trout captured in Lake Chelan measured 736 mm (30 in.) TL and
weighed 4.1 kg (9 lbs.) (Brown 1984).
Rainbow trout (wild and hatchery) in Lake Roosevelt in 1988
and 1989, grew to an average length and weight of 126 mm TL and
33 g at age 0+ (n = 62), 298 mm TL and 343 g at age 1+ (n = 140),
413 mm TL and 743 g at age 2+ (n = 161), 448 mm and 985 g at age
3+ (n = 136), 489 mm TL and 1,100 g at age 4+ (n = 71), 493 mm TL
and 1,153 g at age 5+ (n = 16), and 535 mm TL and 1,139 g at age 6+
(n = 1) (Peone et al. 1990).
Mean total length (mm) and weight (g) of six age classes of
wild rainbow trout in Chamokane Creek (tributary of the Spokane
River) was: 83 mm and 6 g at age 0+ (n = 46), 159 mm and 46 g at
age 1+ (n = 27), 212 mm and 102 g at age 2+ (n = 69), 315 mm and
331 g at age 3+ (n = 16), 379 mm and 552 g at age 4+ (n = 19), and
442 mm and 900 g at age 5+ (n = 6) (Uehara et al. 1988). Recoveries
of rainbow trout with numbered floy tags in Chamokane Creek
generally confirmed that growth rates were good. For example; one
fish tagged on 10 August, 1986 was recaptured on 29 November
1987, having grown from 295 mm TL to 415 mm TL during the 14.5
month interval between capture and recapture.
Bailey and Saltes (1982) aged 132 rainbow trout collected in
the upper Spokane River near the Washington/Idaho border in
1980. Total length averaged 98 mm at age 0+, 192 mm at age 1+,
279 mm at age 2+, 367 mm at age 3+, 423 mm at age 4+, 521 mm
at age 5+ and 610 mm at age 6+. The annual growth increment averaged 82 mm net gain in length (or about 7 mm/month). Bailey
and Saltes (1982) also measured and tagged rainbow trout in the
upper Spokane River. They later recaptured and remeasured 54 of
these fish from 1 to 13 months later. They grew at an average rate of
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Table 16.5

Back-calculated total lengths (mm) of rainbow trout in eastern Washington. Known resident (res.) and adfluvial (adfluv.)
strains are noted.
Back-calculated TL (mm) at age

County

Location

n

1

2

3

4

Adams/Lincoln

Sprague Lake¹

361

179

328

468

544

Adams/Lincoln

Sprague Lake²

59

164

245

354

503

Benton/Kittitas/Yakima

Yakima River³

638

89

204

277

327

366

Benton/Kittitas/Yakima

12 trib. Yakima River³

1253

74

138

198

221

330

Chelan

Lake Chelan (adfluv.)⁴

NR

269

346

409

Chelan

23 trib. Lake Chelan (res.)⁴

571

56

122

171

191

196

Columbia

Tucannon River⁵

76

64

103

140

171

Columbia

Wolf Fork Touchet River⁵

102

86

132

162

209

Douglas/Okanogan

Chief Joseph Reservoir⁶

157

163

227

305

426

417

Ferry

Kettle River⁷

24

67

131

262

348

472

Ferry/Lincoln/Stevens

Lake Roosevelt⁸ ⁹ ¹⁰ ¹¹ ¹² ¹³ ¹⁴ ¹⁵ ¹⁶ ¹⁷ ¹⁸ ¹⁹

2575

144

250

344

406

455

Grant

Banks Lake²⁰

9

71

213

406

492

Kittitas

Cherry Creek²¹

46

126

240

304

372

Kittitas

Umtanum Creek²¹

20

306

339

354

Kittitas

Wilson Creek²¹

14

235

315

380

391

Okanogan

Andrews Creek (res.)²²

NR

76

97

117

132

168

178

Okanogan

Chewuch River²²

87

67

146

169

213

Okanogan

Early Winters Creek (res.)²²

107

46

80

117

140

163

164

Okanogan

Goat Creek (res.)²²

110

43

85

108

133

154

181

Okanogan

Gold Creek²²

197

50

88

185

150

Okanogan

Methow River²²

74

73

143

151

177

Okanogan

Methow River (W. Fork)²²

72

66

132

160

211

221

Okanogan

Twenty Mile Creek (res.)²²

NR

79

97

117

135

135

163

162

Okanogan

Twisp River (res.)²²

91

110

121

129

149

152

263

178

Pend Oreille

Boundary Reservoir²³

15

91

186

291

391

526

614

Pend Oreille

Box Canyon Reservoir²⁴

29

96

156

256

369

538

Pend Oreille

Box Canyon Reservoir²⁵ ²⁶

6

74

138

209

273

Pend Oreille

Horseshoe Lake²⁷

5

127

135

233

Pend Oreille

Sullivan Lake²⁸

10

109

187

244

Spokane

California Creek²⁹

29

96

170

220

Spokane

Clear Lake³⁰

15

127

232

335

Spokane

Latah Creek²⁹

1

98

197

Spokane

Marshall Creek (res.)²⁹

34

84

198

285

Spokane

Medical Creek³¹

361

168

291

385

Spokane

Newman Lake³²

13

71

132

185

Spokane

Nine Mile Reservoir³³

20

110

267

349

412

Spokane

Spokane River RKM (107–118)³⁴

36

123

219

318

397

Spokane

Spokane River RKM (107–118)³³

24

116

294

342

Spokane

Spokane River RKM (122–128)³⁵

29

90

235

336

343

380

375

Spokane

Spokane River (Upriver Dam)³⁶

132

89

196

274

368

419

470

, ,

,

,

,

,

,

,

,

,

,

,

307

5

6

7

8

458

466

736

9

470

178

206

387

405

510
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Table 16.5 concluded

Back-calculated total lengths (mm) of rainbow trout in eastern Washington.
Back-calculated TL (mm) at age

County

Location

n

1

2

3

4

Spokane
Idaho

Spokane River, WA²⁵

189

165

262

329

397

Spokane River, ID³⁷

84

149

238

329

397

Spokane

Spokane River, WA³⁸

106

199

258

358

387

400

Idaho

Spokane River, ID³⁸

151

201

276

368

410

413

Spokane/Stevens

Long Lake Reservoir²⁹

2

117

265

341

403

Stevens

Blue Creek (secondary adfluv.)³⁹

2450

114

180

307

495

570

Stevens

Chamokane Creek⁴⁰

160

120

144

283

342

410

Stevens

Deer Lake⁴¹

32

195

260

295

303

352

Stevens

Loon Lake⁴¹

15

152

186

229

232

263

Walla Walla

Mill Creek⁵

103

64

103

140

171

Whitman

Rock Lake⁴²

87

141

313

369

407

British Columbia

Columbia River⁴³

1685

145

188

259

315

109

189

263

316

Average

5

6

7

420

430

387

350

342

314

8

9

736

206

References: ¹Williams et al. (1989); ²Taylor (2000); ³Martin and Pearsons (1994); ⁴Brown (1984), length of age data.; ⁵Underwood et al. (1995); ⁶Beeman
et al. (2003); ⁷McLellan and Vail (2005); ⁸Peone et al. (1990); ⁹Griffith and Scholz (1991); ¹⁰Thatcher et al. (1995a, 1995b); ¹¹Underwood and Shields
(1996a, 1996b); ¹²Underwood et al. (1996); ¹³Chichoz et al. (1997, 1999); ¹⁴Spotts et al. (2002); ¹⁵McLellan et al. (2003); ¹⁶Lee et al. (2003, 2005); ¹⁷Scofield
et al. (2004, 2007); ¹⁸Fields et al. (2004); ¹⁹Pavlik-Kunkel et al. (2005); ²⁰Woller et al. (2003); ²¹Hindman et al. (1991); ²²Williams and Mullan (1992);
²³McLellan (2001); ²⁴Ashe and Scholz (1992); ²⁵Skillingstad (1993); ²⁶Skillingstad et al. (1993); ²⁷McLellan et al. (2005); ²⁸Nine and Scholz (2005); ²⁹Scholz,
pers. obs.; ³⁰Moan and Scholz (2005); ³¹Scholz et al. (1987); ³²Vaughan (1976); ³³Spokane River RKM 93–103 (McLellan 2003); ³⁴Kliest (1987); ³⁵McLellan
and O’Connor (2008); ³⁶Bailey and Saltes (1982); ³⁷Underwood and Bennett (1992); ³⁸Davis and Horner (1997); ³⁹Scholz et al. (1989b)., length at age;
⁴⁰Uehara et al. (1988); ⁴¹Schoz et al. (1985). Length at age.; ⁴²McLellan (2000); ⁴³Hildebrand (1999).

9 mm/month (108 mm/yr). A few of these fish grew remarkably
well. For example, rainbow No. 291 grew 94 mm TL (3.7 in.) in total
length during the five months between its capture date on 4–09–81
as (147 mm TL) and recapture on 10–23–81 (241 mm TL). Rainbow
No. 788 grew 151 mm (5.9 in.) during the 9.5 months between its
capture date on 15 October 1980 (179 mm TL) and recapture on 24
June 1981 (330 mm TL).
The Washington State angling record rainbow trout, caught
in Chief Joseph Reservoir (Douglas and Okanogan counties) in
November 2002, weighed 18.5 kg (29.6 lb). The largest steelhead
trout, caught in the Snake River, Whitman County on 23 November
1973 (was 1,232 mm (48.5 in.) TL and weighed 21.9 kg (35.1 lb).
Most hatchery steelhead in the Columbia Basin migrate to the
ocean after spending one year in freshwater and return to spawn at
age 3 after one year in saltwater (life history 1.1) or age 4 after two
years in saltwater (life history 1.2) (Miller at al. 1992; Chapman et
al. 1994). Most wild steelhead in the Columbia Basin migrate to the
ocean after spending two years in freshwater and return to spawn
at age 4 after one year in saltwater (life history 2.1) or age 5 after
two years in saltwater (life history 2.2) (Howell et al. 1985b; Miller
et al. 1992; Chapman et al. 1994; Hoffarth 2006). A few wild fish
may spend 3 or 4 years in freshwater before migration to the ocean
and return at age 5 (life history 3.1), 6 (life history 3.2 or 4.1) or 7
(life history 4.2).
Hatchery steelhead in the Columbia Basin grow to an average
(range) of about 625 (470–790) mm FL at age 3 (life history 1.1) and
750 (610–890) mm FL at age 4 (life history 1.2) (Bartlett 2000; Korth
and Bartlett 2001; Hoffarth 2006). Wild steelhead in the Columbia
Basin grow to an average of about 630 mm FL at age 4 (life history

2.1), 775 mm FL at age 5 (life history 2.2), 617 mm FL at age 5 (life
history 3.1) and 835 mm FL at age 6 (life history 3.2) (Schuck 1986a,
1986b and Schuck et al. 1988, 1991, 1993a, 1993b, 1994, 1995, 1996,
1997, 1998; Murdoch et al. 1998; Bartlett 2000; Mayer et al. 2006).
Maximum lifespan of rainbow/steelhead trout is nine years,
but they more commonly live from 4–6 years. Most freshwater
rainbows become sexually mature at age 3. Most steelhead become
sexually mature at age 4 or 5. Steelhead and rainbow are iteroparous, i.e., some steelhead and most rainbow survive to spawn a
second or third time. Steelhead worn out after their arduous migration become kelts. Only a small percentage of steelhead kelts
survive to spawn a second time. Most rainbow (redband) trout live
4–6 years, but in the Wenatchee, Entiat and Methow rivers a few
individuals lived 8–9 years (Mullan et al. 1992; Peven 2003). In the
mid-Columbia, where they are sympatric with steelhead, rainbow
(redband) trout are confined to the colder headwater regions and
grow to maximum sizes of 150–250 mm FL (Mullan et al. 1992).
Fecundity of steelhead in the Columbia Basin ranges from
about 3,412–7,571, eggs/female, and was usually about 4,800–5,800
(Bartlett 1997, 1999, 2000; Murdoch et al. 2000; Baumgarner et al.
2002, 2004; Mayer et al. 2006). Larger fish usually produce more
eggs than smaller fish.
Resident rainbow trout in the Yakima Basin spawned from
late February through June (McMichael et al. 1992, 1997, 1999a;
McMichael and Pearsons 2001; Pearsons et al. 1993). Rainbow trout
redds (n = 130) in the Yakima River were about 1.5 m long by 0.8 m
wide (Pearsons et al. 1996). Water depth over redds averaged 0.4 m,
current velocity averaged 0.7 m/s and substrate ranged from 0.3–
6.4 cm in diameter.
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Fecundity of rainbow trout in the Yakima River ranged from
76 eggs in a 159 mm FL female to 3,102 eggs in a 455 mm FL female
(Pearsons et al. 1993). Fecundity of 20 rainbow trout in tributaries of the Yakima River that averaged (ranged) 267 (135–465) mm
FL and 370 (32–1,250) g in weight was 1,208 (150–3,102) eggs/female (McMichael et al. 1992). Fecundity of rainbow trout from
the mid-Columbia tributaries (Wenatchee, Entiat and Methow
rivers) ranged from 536 to 2,142 eggs/female in fish 239–464 mm
FL (Peven 1990). Fecundity of age 3 rainbow trout (n = 6) in
Chamokane Creek that measured 315 mm TL and weighed 331 g
averaged 726 eggs/female. Fecundity of age 4 rainbow trout (n = 4)
that measured 379 mm TL and weighed 552 g averaged 1,210 eggs.
Fecundity of age 5 rainbow trout (n = 2) that measured 442 mm TL
and weighed 920 g averaged 1,983 eggs/female.
In Lake Roosevelt, fecundity of adfluvial stock of rainbow trout
that grew up in the lake and spawned in Blue Creek was 1,203 in 3
year old fish that averaged 317 mm TL (n = 2), 1,771 in 4 year old fish
that averaged 497 mm TL (n = 3) and 2,781 in a 5 year old fish that
was 515 mm TL (n = 1).
Steelhead smolt when they attain a length of about 125–175 mm.
Most naturally produced steelhead in the Columbia Basin attain this
length after two years of residence in freshwater. Most hatchery raised
steelhead attain this length after one year, so hatchery fish migrate to
the sea sooner than natural smolts.
Steelhead in the mid-Columbia tributaries (Wenatchee, Entiat,
Methow and Okanogan rivers) grow more slowly in colder water
and consequently take longer to smolt. Ages at the time of smolt
transformation vary from 1–7 years, with most fish residing in
warmer mainstems of these rivers migrating at age 2 or 3 and many
of the fish in colder head water tributaries delaying migration until
age 4–7 (Shapovalov and Taft 1954; Mullan et al. 1992; Peven et al.
1994). Smolts migrate from November to June, peaking between 25
April–25 May.
Schuck and Mendel (1986) freeze branded, coded wire tagged,
or PIT-tagged steelhead smolts raised at and released from Lyons
Ferry Hatchery on the Snake River to determine how quickly they
appeared at downstream dams. The first tagged fish appeared at the
McNary Dam eight days after release, but some individuals did not
pass McNary until 75 days after the release. The number of tagged
fish estimated passing each dam also provided the estimate of the
survival from Lyons Ferry Hatchery to that dam. For example, of
a group of 51,005 fish freeze branded with the number RD-IT-1
released at Lyons Ferry Hatchery, only 16,855 were estimated to
have passed McNary Dam (33%) and 8,793 were estimated to have
passed John Day Dam (17.2%) (Schuck and Mendel 1996).
Possibilities that could potentially account for the observed losses
include: 1) the missing fish were killed by being chopped up by turbines as they passed downstream through Ice Harbor Dam; 2) the
missing fish were killed by predators (piscivorous fish and birds) as
they passed into the tailraces of each dam; 3) the missing fish residualized (became readapted to freshwater and lost the urge to migrate)
and remained in each reservoir as fluvial rainbow trout; 4) the missing fish may have been harvested by anglers; and 5) any combination of these factors. To determine smolt to adult survival, Ringold
Hatchery (on the Hanford reach of the Columbia River) steelhead were
PIT tagged and released in 2003 (n = 63,758). These fish were detected
when they returned as adults by PIT tag detectors placed in the fish
ladders at Bonneville, McNary, and Ice Harbor dams in 2004 and 2005
(Hoffarth 2006). Fish bearing pit tags were shunted into a holding box
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and counted as they climbed the ladder at each dam. Of the 63,758
steelhead released in 2003, 1,859 (2.9%) were detected at Bonneville
Dam in 2004 and 1,728 (2.7%) were detected at Bonneville Dam in 2005
for a combined smolt to adult return of 3,587 (5.6%). Also, the number of the tagged steelhead detected passing McNary Dam was 1,319 in
2004 and 1,052 in 2005 for a combined total of 2,371 (3.7%). That means
that 34% of the adults migrated into a tributary, were lost in transit or
harvested between Bonneville and McNary dams. Similar experiments
with marked steelhead released at Lyons Ferry Hatchery indicated
that the smolt to adult returns averaged (ranged) 1.25 (0.26%–2.33%)
in 1983, 1985–1990, and 1995–1997. Returns of tagged adults to Lyons
Ferry Hatchery averaged 98% of all recoveries and 2% strayed to other
locations.
Most steelhead from the mid-Columbia region remained at sea
for 1 (about 30%) or 2 (about 70%) years, occasionally three years (a
few individuals) (Mullan et al. 1992). This means that in any given
year adults returning to the mid-Columbia tributaries are represented by up to 10 overlapping brood years and up to 16 different
age classes. This maximizes genetic variation and contributes to
making the steelhead a resilient species (Mullan et al. 1992).
Steelhead trout may be either semelparous (spawn only once
in a lifetime) or iteroparous (spawn more than once in a lifetime).
Repeat spawners descend the river as kelts, which are recognized
by their emaciated appearance. In the Columbia River basin rates
of interoparity ranged from 1.6–17%, with the higher rates in tributaries below the Bonneville Dam and the lower rates for tributaries
above Bonneville Dam (ODFW and WDFW 2002).
Landlocked rainbow trout exhibit iteroparous spawning.
O’Connor and McLellan (2008a) examined the scales of 263 resident
redband trout from the upper Spokane River to determine the age(s)
at which they had spawned (identified by the presence of spawning
checks on scales). They found that none of the age 1 fish (n = 25) had
spawned. Of 80 age 2 fish examined, 73 (91.2%) had not spawned and
7 (8.8%) had spawned once. Of 49 age 3 fish examined, 5 (10.2%) had
not spawned, 39 (79.6 had spawned once, and 5 (10.2%) had spawned
twice. Of 86 age 4 fish examined, 73 (84.9%) had spawned once and
13 (15.1%) had spawned twice. Of 21 age 5 fish examined, 1 (4.8%)
had spawned once, 16 (75.2%) had spawned twice and 4 (19.0%) had
spawned three times. The only age 6 fish examined had spawned
three times and the only age 7 fish examined had spawned four times.

Sockeye/kokanee
Forester (1968) and Burgner (1991) prepared comprehensive accounts of the life cycle of sockeye/kokanee salmon. Gustafson et al.
(1997) published a status review of sockeye in the Columbia Basin.
Sealey and McCammon (1966) described the life history of kokanee.
Nelson (1968d) discussed the distribution and nomenclature of kokanee in North America. Nelson (1968c) described the variation in
gill raker numbers in Norther American kokanee. Proceedings of an
international symposium that contained papers on sockeye salmon
population biology and management were edited by Smith et al.
(1987). Status reviews of sockeye salmon in the mid-Columbia region
were prepared by Mullan (1986) and Chapman et al. (1995). Roberts
(1991) provided an overview of hatchery production of kokanee in
Washington state. Hartman and Burgner (1972) described the limnology and fish ecology of sockeye salmon nursery lakes of the world.
Indices for productivity of sockeye in British Columbia lakes were
described by Northcote and Larkin (1956), Stockner (1987), Stockner
and Northcote (1974), and Stockner and Shortreed (1978, 1979, 1983).
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Sockeye differ from other species of salmon because they require a freshwater nursery lake. Sockeye usually spawn in either the
inlet or the outlet (and sometimes in shoreline gravels) of the lake.
When they emerge from their spawning gravel they make an immediate directed migration to the lake. Inlet spawners migrate downstream to reach the lake; outlet spawners migrate upstream to reach
the lake. This migration is presumed to have a genetic basis because
Raleigh (1967) and Brannon (1972) incubated sockeye eggs from inlet and outlet spawning populations in a hatchery, then tested each
group in a raceway to see if they migrated with or against the current. Upon emergence fry from inlet spawners showed an innate
preference to migrate with the current; fry from outlet spawners
showed an innate preference to migrate against the current.
Depending upon the productivity of the nursery lake, the sockeye
remain in the lake for one, two or even three years, until they reach
a size of 71–180 mm. They then smolt and migrate out the outlet of
the lake to the sea. Columbia basin stocks usually spend one year in
freshwater and 2–4 years in the ocean before, returning to spawn at
age 4 (life history 1.2), 5 (life history 1.3 or 2.2), or 6 (life history 1.4
or 2.3).
Some stocks of sockeye become permanently landlocked (or
lake locked) and spend their entire lives in freshwater. These stocks
are called kokanee, little red fish, “silver trout,” or “silvers.” Kokanee
are normally much smaller than sockeye because their freshwater
lake environment is less productive than the ocean. Kokanee occur
in lakes that are both above (allopatric distribution with sockeye)
and below (sympatric distribution with sockeye) barrier falls that
prevent the ascent of anadromous fish.
Where they occur in sympatry with sockeye, kokanee usually
spawn before the sockeye. This temporal partitioning of spawning habitat is what allows them to coexist in the same place.
Occasionally, sockeye and kokanee spawn at the same time and
place (Hanson and Smith 1967; McCart 1970; Foote and Larkin
1988; Foote et al. 1994). Foote and Larkin (1988) have shown that
in such situations the two forms exhibit size-based assortative
mating, with female sockeye preferring to spawn with larger sized
sockeye males instead of smaller kokanee males. This acts as a prezygotic isolating mechanism. Most kokanee spawn at age 3 or 4. In
extremely oligotrophic lakes spawning may be delayed until age
5. Some kokanee become sexually mature at age 2. About 95% of
2-year-old spawners are precocious males (called jacks) and 5% are
precocious females (called jills).
Sockeye salmon and kokanee salmon are incipient species.
Molecular genetic evidence indicates that the two forms are genetically distinctive even where they spawn in sympatry (Foote et al.
1989; Taylor et al. 1996; Winans et al. 1996; Wood and Foote 1996;
Craig and Foote 2001). However, in each lake examined the two
forms were more similar to each other than they were to sockeye
and kokanee found in other lake systems.
“Residual sockeye” are non-migratory progeny of anadromous
parents (Ricker 1938, 1940, 1959). They are usually precocious males
that spawn at age 1 or 2 and are different from a typical jack sockeye because they have never migrated to the ocean. They normally
spawn along with the sockeye.
Residuals are the “presumed intermediary by which sockeye gave
rise to kokanee on numerous independent occasions since the last Ice
Age (about 15,000 YBP)” (Ricker 1959; Foote et al. 1989, 1994; Taylor
et al. 1996). The fact that sockeye and kokanee inhabiting the same

lake are usually more closely related to each other genetically than
to sockeye or kokanee from other lakes supports this view.
Marking experiments on the Fraser and Columbia rivers have
proved that some kokanee emigrate from their native lakes to the
ocean and return as mature “sockeye” salmon. Forester (1947) reported that marked kokanee released at the outlet of Cultus Lake,
British Columbia returned as mature sockeye salmon of the same
average size as the usual sea run stocks. Hanavan (cited in Fulton
1970), reported that eggs from kokanee spawners collected in Lake
Wenatchee were reared at Leavenworth National Fish Hatchery
and marked by fin clipping. One group was released in Icicle Creek
and the other in Lake Wenatchee. The Lake Wenatchee group remained in the lake as kokanee but the fish released into Icicle Creek
migrated to sea like sockeye and returned to Icicle Creek, but at a
smaller size than sockeye.
In areas where lake rearing habitat is not available, sockeye
salmon may rear in rivers for 1–2 years (“river-type” sockeye) or
migrate to the estuary shortly after emergence (“sea-type” sockeye)
(Heifitz et al. 1989; Lorenz and Eiler 1989; Weiler et al. 1992; Wood
1995). River type and sea type sockeye stocks are common north of,
and rare south of, the Stikine River, British Columbia (Gustafson
et al. 1997). River and sea type sockeye typically spawn in glacial
fed waters and were historically not present in the Columbia River
Basin (Gustafson et al. 1997).
Egg incubation was inversely proportional to temperature
(Forester 1968; Scott and Crossman 1973; Hart 1973). Sockeye incubated at 3–4°C required 110–113 days to hatch and 220–241 days
until the yolk sac of alevins was completely absorbed, when they
began to emerge from the gravel (Forester 1968; Brannon 1987;
Beacham and Murray 1990). Sockeye incubated at 8–10°C required
74–78 days to hatch and 110–125 days until their yolk was absorbed,
when they emerged (Forester 1968; Brannon 1987; Beacham and
Murray 1990).
Throughout their range, recently emerged sockeye fry typically
migrated into deep oligotrophic or mesotrophic nursery lakes
(Burgner 1991). Sockeye in the Wenatchee and Okanogan basins in
eastern Washington usually emerge in late March and early April
(Gangmark and Fulton 1952; Allen and Meekin 1973, 1980; Hymer
et al. 1992; Shepard and Inkster 1995). At emergence sockeye swam
to the surface and gulped air to fill their swim bladder to achieve
neutral buoyancy. Sockeye alevins are photonegative (Godin 1982).
As a result they usually emerge from gravel at night (McDonald
1960; Hartman et al. 1962; Heard 1964). Fry emerged between dusk
and dawn, with peak emergence between 2200 and 2400 hours
(McDonald 1960). This helps them to evade predators. Sockeye fry
moved into Lake Wenatchee (Wentachee Basin) and Lake Osoyoos
(Okanogan Basin) between March and May (Dawson et al. 1973).
Upon entering their nursery lake, sockeye in both Lake Wenatchee
and Lake Osoyoos spend about two months feeding in the littoral zone before moving into the limnetic zone (Allen and Meekin
1980; Biosonics 1983).
Newly emerged kokanee fry in the Flathead River, Montana migrated from dusk till dawn, traveling from McDonald Creek (the
outlet of Lake McDonald) 100 km downstream to Flathead Lake
in 20 hours (Fraley and Graham 1982; Fraley and Clancey 1988).
They traveled at about the same speed as the current in faster segments and up to twice the speed of current in slower segments of
the river.
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Predation losses for sockeye fry between their emergence from
the gravel and entry into their nursery lake ranges from 13–91%
(Semko 1954; Forester 1968; Beuchamp 1995).
In the limnetic zone of their nursery lake, juvenile sockeye
salmon made daily vertical migrations in the water column, occupying deeper water by day and shallower water at night. Three hypotheses have been advanced to account for this behavior (Woodey
1972; Levy 1987). The first is the foraging strategy hypothesis: sockeye
migrate into shallow water at night following zooplankton that migrate vertically into shallow water at night to graze on phytoplankton
and into deeper water during the day to avoid predators. The second
is the bioenergetics hypothesis: sockeye migrate into deeper, colder
water during the day to achieve energetic efficiency by reducing their
metabolic rate in cold water (Johnston 1990). The third is the predator avoidance hypothesis: sockeye migrate into deeper water during
the day to avoid piscivorous fish (such as bull trout or kamloops
trout) or fish eating birds (such as bald eagles and osprey). These
three hypotheses are not mutually exclusive and all may contribute
to the sockeye’s vertical migratory behavior.
At the beginning of life in their nursery lake sockeye fry averaged (ranged) 29 (26–30) mm FL in Lake Wenatchee (Allen and
Meekin 1980) and 28 (23–39) mm FL in Lake Osoyoos (Shepard
and Inkster 1995). Sockeye undergo smoltification when they reach
about 70–110 mm TL. This length is reached after 1 year in most
lakes, including Okanogan Lake and Lake Wenatchee, but not until
age 2 or age 3 in some oligotrophic lakes (Anas and Gauley 1956;
Allen and Meekin 1980; Weitkamp and Neuner 1980; McGee and
Truseott 1982; McGee et al. 1983; Peven 1991a, 1991b). Size at smolting is related to the productivity of the nursery lake. For example
Lake Osoyoos (Okanogan River Basin) is a productive (eutrophic)
lake and the mean (range) FL of sockeye smolts (n = 13,543) was
109 (75–232) mm. In contrast Lake Wenatchee is an unproductive (oligotrophic) lake and the mean (range) FL of sockeye smolts
(n = 236) was 85 (65–124) mm.
Sockeye salmon fry are characterized by having black elliptical or oval parr marks along the sides of their bodies. When the
juveniles enter the limnetic zone of the lake, their parr marks become less distinct, their sides more silvery and their backs develop
a blue-green color. While in the inlet or outlet streams, and while
occupying the littoral zone, the parr marks afford protective coloration by helping the fish to blend in with vegetation. In the open
waters of the lake the silvery coloration along the sides also affords
protective coloration. The silvery sides reflect spectral points of
light on the surface helping the kokanee to blend in with the surface to predators lurking below it. The blue-green back blends in
with the deeper water, making the kokanee less visible to predators
above it in the water column.
The parr-smolt transformation in sockeye salmon involves
morphological, physiological and behavioral changes. The fish
become slimmer, more streamlined, and silvery. The silvering is
caused by guanine deposition from iridocytes (goblet cells that
secrete guanine crystals) which cover the parr marks. They develop euryhaline osmoregulatory capability, which allows them
to tolerate saltwater. This condition is brought about by a combination of factors, including: 1) They develop a drinking reflex; 2)
They develop increased rates of intestinal water absorption (JV); 3)
They get rid of excess divalent cations (e.g. catt) by passing them
through the gut; 4) They get rid of excess monovalent sodium ions
(Na+) via increasing the specific activity of an enzyme (Na+/ K+
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ATPase) in their gills, which expends ATP to pump sodium ions
across the gill membrane back to the outside against their concentration gradient; and 5) They shut down their glomerular filtration
rate (GFR) in the kidney. (Fish renal tubules lack a loop of Henle,
so they secrete dilute urine. Shutting down the GFR therefore, acts
to conserve freshwater.) They also develop a behavioral preference
for salt water. They form schools that make directed movements
to the lake outlet (Groot 1965, 1872). Direction finding is based on
a combination of celestial navigation using the sun (sun compass
orientation) and the earths magnetic field (magnetic compass
orientation) (Quinn 1980, 1982; Brannon et al 1981; Quinn and
Brannon 1982). See more details about this in Chapter 14 (page
944). Kokanee undergo the same transitions, except that they do
not develop the pre-adaptive increase in intesetinal water transport
(Jv) (Tilson 1994).
Peven (1978b) described the downstream migration timing of
sockeye in the mid-Columbia River. Sockeye smolts out-migrate
from November–July, with a distinct peak from mid-April to late
May (French and Wahle 1959; Mullan 1986; Chapman et al. 1995).
Peven (1987, 1991) determined that peak migration of sockeye from
the Wenatchee River past Rock Island Dam occurred in April,
whereas peak migration of sockeye from the Okanogan River past
Rock Island Dam occurred during May.
Data on juvenile salmon migration timing and velocity in the
mid-Columbia Basin has been collected by the smolt monitoring
program at Rock Island Dam (Truscott 1985; Fielder and Peven
1986; Peven et al. 1987; Fielder 1995; Truscott and Fielder 1995;
McDonald 1996; McDonald and Keese 1997; Petersen and Tonseth
1999; Tonseth and Petersen 2000; Praye and Walter 2003; Martland
et al. 2003; Breidert et al. 2004; Breidert and Derr 2005; Breidert et
al. 2006).
Sockeye smolts travel through the mainstem of the Columbia
River in the mid-Columbia region (Wells, Rocky Reach, Rock
Island, Wanapum and Priest Rapids reservoirs) at about the same
velocity as the water, which depends on discharge (Chapman et al.
1995). For example, the time that it took for PIT tagged sockeye to
travel between Rock Island Dam and McNary Dam was 16.1 days
at a discharge at 80 KCFS (water velocity was calculated at 17.8 km/
day and sockeye velocity was calculated at 16 km/day), 10.8 days
at a discharge of 120 KCFS (water velocity was 25.6 km/day and
sockeye velocity was 23.8 km/day) and 8.9 days at 160 KCFS (water
velocity was 35.5 km/day and sockeye velocity was 30.0 km/day)
(Chapman et al. 1995). Sockeye smolts move more rapidly through
the lower Columbia reservoirs to the estuary, at rates of 30–56 km/
day (Dawely et al. 1984; Pauley et al. 1989).
Sockeye from the Columbia River moved out to sea immediately upon encountering saltwater (Miller et al. 1983). They moved
northward along the outer coast of Vancouver Island, then passed
into Hecate Strait between the Queen Charlotte Islands and the
mainland, traveling at a rate of about 18 km/day (Hartt and Dell
1986). By their first winter at sea, they were off the Aleutian Islands.
The remainder of their life at sea appeared to be spent in the Alaska
Gyre (French et al. 1975; Ware and McFarlane 1989). Sockeye occupy the upper 15–20 m of the water column while at sea (French
et al. 1976; Burgner 1991).
Fraser River sockeye smolts (age 1+) enter the Strait of Georgia
in April and May and migrate northward between Vancouver
Island and the mainland traveling at a rate of 6–7 km/day (Groot
and Cooke 1987). They enter the open ocean via Queen Charlotte
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and Johnston Straits in late June or July and migrate north to
Alaska following the coastline at a rate of about 18.5 km/day (Hartt
and Dell 1986). They then migrate offshore into the Gulf of Alaska
in the winter and spring (Margolis et al. 1966; French et al. 1976).
Their distribution on the high seas coincides with the Alaska current system, Alaskan Gyre, and subarctic current systems and
Bering Sea Gyre.
Upon returning from the ocean, Fraser River sockeye may select
one of two routes (Groot and Cooke 1987). They may return along
a northern route along the east side of Vancouver Island via Queen
Charlotte and Johnstone straits, essentially returning by the route
that most of the smolts followed. Or they may return by a southern
route along the west side of Vancouver Island via the Strait of Juan
de Fuca. The proportion of the run using the northern route varied
from 2–80% between 1953 and 1985 (Groot and Quinn 1987). When
ocean conditions were warmer than usual sockeye tended to use the
northern route. When ocean conditions were average or colder than
normal sockeye tended to use the southern route. Therefore, adult
sockeye salmon do not necessarily retrace the route taken by smolts.
Larkin (1975) postulated that “salmon have a bi-coordinate system of navigation that enables them to know where they are and
where they are to go (and when to leave in order to get there on
time).” Quinn (1982b), noting the remarkable temporal precision
upon which salmon converge on the mouth of their home stream,
proposed that salmon navigate by possessing a calendar based on
an endogenous circannual rhythm, that is synchronized by photoperiod. Thus, they have the ability to sense time (necessary to
obtain longitude). Quinn also thought that salmon navigate using
a map that is based on the inclination and declination of the earth’s
magnetic field or possibly a sun compass mechanism. Because of
prevailing overcast over the North Pacific Ocean, the magnetic
field is thought to provide the primary information about compass
direction.
Adult Columbia River sockeye enter the river and pass
Bonneville Dam from May to July. They spawn in the Okanogan
and Wenatchee Rivers from late September through October
(Chapman et al. 1995). Those from the Wenatchee River usually migrate before those from the Okanogan River (Fryer and
Schwartzburg 1994).
Wenatchee River sockeye entered the Columbia River in May.
Peak migration past Bonneville Dam occured during the third
week in June and past Rock Island Dam during the third week in
July (Chapman et al. 1995). They entered Lake Wenatchee in late
July to early August (WDFW 1996) and spawned predominantly in
tributaries above the lake from mid-September through October
(Gustafson et al. 1997). Peak spawning in Wenatchee River tributaries usually occured in the third week of September. Only a few
sockeye spawned in Lake Wenatchee shoreline gravels.
Okanogan River sockeye entered the Columbia River in June.
Peak migration past Bonneville Dam occured in early July (WDFW
1996) and past Rock Island Dam during the third week in July
(Chapman et al. 1995). They entered the Okanogan River in midto-late July and migrated to Lake Osoyoos by August. Migration
up the Okanogan may be delayed by 3 weeks when the temperature
of the Okanogan exceeds 21.1°C (Major and Mighell 1996; Allen
and Meekin 1980; Mullan 1986; Swan et al. 1994). Sockeye congregated off the mouth of the Okanogan River above Lake Osoyoos
in October, peaking during the third week (Chapman et al. 1995).
At times, considerable numbers of sockeye have been observed

spawning along the shorelines of Lake Osoyoos. For example, Allen
and Meekin (1980) observed about 1,200 sockeye salmon shoreline
spawning in 1971. Craig and Soumela (1941) noted that sockeye entered the Okanogan River between July 15 and September 1.
Conventional tagging and radio tracking studies have revealed
that adult sockeye travel upstream at about 20 km/day in the mainstem of the Columbia River, but only about 5−10 km/day after entering the tributaries (French and Whale 1968; Major and Mighell
1969; Hyatt et al. 2003). Adult sockeye tagged at Rock Island Dam
on the Columbia River in 1953 and 1954 traveled 72 km to Tumwater
Dam on the Wenatchee River in 20 days (French and Wahle 1968).
Craig and Soumela (1941) noted that in 1935 and 1936 the first and
last sockeye passed though the fish ladder at Tumwater Dam on the
Wenatchee River on 2 July and 20 September. Chapman et al. (1995)
determined that adult sockeye counted at Tumwater Dam on the
Wenatchee River in 1989–1994 migrated past the dam 30 days earlier
than in 1935. Run timing at Rock Island Dam on the Columbia River
was also about 20–25 days earlier in 1985–1992 than in 1935–1947
(Quinn and Adams 1996). Chapman et al. (1995) believed that sockeye were appearing at the mouth of the Columbia River at the same
time as they have historically, but they are appearing at upstream
locations at earlier times then they have historically because reductions in river discharge, caused by the construction of reservoirs, has
enabled salmon to travel more rapidly through reservoirs.
Adult sockeye tagged at Rock Island Dam traveled 232 km to
Zosel Dam on the Okanogan River in about 10.7 days (French and
Wablee 1968). Major and Mighell (1969) tagged sockeye at Rock
Island Dam in 1962 and 1963 and found that they took a similar
amount of time to reach Zosel Dam. Swan et al. (1994) radio tagged
adult sockeye at Rock Island Dam in 1992 and found that they took
about 37.5 days (range 19.5 to 84.5 days) to reach Zosel Dam. The
slower time in 1992 was most likely due to warmer temperatures
about 73°F (22.8°C) that blocked their migration at the mouth of
the Okanogan River.
Adult sockeye that migrate up the Okanogan River to spawning sites above Lake Osoyoos stop their migration when water
temperatures exceed 21°C and the resume their migration as water
temperatures decrease below 21°C. Between 1924 and 1998, migration delays averaged (ranged) 29 (0–55) days (Hyatt et al. 2003).
Migration delays generally exceeded 30 days from 1924–1946,
which coincided with the “warm-phase” of the Pacific Decadal
Oscillation (PDO) (Hyatt et al. 2003). Migration delays were generally less than 30 days from 1947–1977, which coincided with the
“cold-phase” of the PDO. Migration delays generally exceeded 30
days from 1978–1997, which coincided with another warm phase
of the PDO.
One problem faced by sockeye salmon is that, after ascending
fish ladders, they are so tired that they immediately fall back downstream through the dam. Naughton (2006) determined that the rate
of fall back at 8 Columbia River Dams ranged from 1.9–13.2 percent.
The Pacific Salmon Commission designates the age of adult
sockeye salmon using a decimal point to separate the number of
winters spent in freshwater (minus the incubation period) from
the number of winters spent in saltwater (Clutter and Whitesell
1956; Koo 1962). Total age is calculated by adding 1 year to this
number. For example, a fish designated as 1.3 would have spent
one winter in freshwater and three winters at sea and returned to
spawn at age 5.
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Table 16.6

Mean fork lengths of male and female sockeye salmon spawning at selected ages from the Okanogan and Wenatchee rivers
(Data from Chapman et al. 1995). n = number of sockeye examined. The number before the period (.) denotes the number of
winters spent in freshwater (either 1 or 2) and the number after the period is the number of winters spent in saltwater (1–3).
N/A = no data were available.
Fork Length (mm) at age

Sex
(M/F)

1.1

1.2

1.3

2.1

2.2

2.3

M

387 (n = 30)

509 (n = 500)

567 (n = 56)

427 (n = 9)

532 (n = 11)

563 (n = 2)

Okanogan River

F

379 (n = 269)

499 (n = 515)

564 (n = 7)

411 (n = 20)

501 (n = 8)

565 (n = 1)

Lake Wenatchee

M

405 (n = 1)

507 (n = 580)

572 (n = 192)

N/A

519 (n = 159)

574 (n = 23)

Lake. Wenatchee

F

N/A

494 (n = 469)

563 (n = 30)

N/A

500 (n = 171)

578 (n = 2)

Location
Okanogan River

In Lake Wenatchee, sockeye return at ages 1.1 (<1%), 1.2 (68%),
1.3 (10%), 2.1 (<1%), 2.2 (21%) and 2.3 (<1%) (Chapman et al. 1995).
Thus, sockeye return predominately at age 4 or 5. In the Okanogan
River sockeye return at ages: 1.1 (22%), 1.2 (70%), 1.3 (5%), 2.1 (2%),
2.2 (2%), and 2.3 (<1%) (Chapman et al. 1995). Thus, the fish return
predominately at age 3 or 4.
Average fork lengths of adults sockeye salmon from the
Okanogan and Wenatchee rivers, at various combinations of the
number of winters spent in freshwater and number of winters
spent in saltwater, is recorded in Table 16.6.
Growth of kokanee is dependent on the productivity of the
lake and the density of kokanee in the lake (Rieman and Myers
1992; Rieman and Maiolie 1995). Back-calculated growth of kokanee for several populations in the Pacific Northwest is recorded
in Table 16.7. Average growth for nine eastern Washington lakes
was 103 mm TL (age 1), 213 mm TL (age 2), 278 mm TL (age 3), and
331 mm TL (age 4). Average growth for six lakes in north Idaho
was 82 mm TL (age 1), 180 mm TL (age 2), 228 mm TL (age 3), and
263 mm TL (age 4).
The best growth rate for kokanee occurred in Lake Roosevelt
and Deer Lake, which grew to nearly twice the length of other
populations by age 4. Lake Roosevelt it is meso-oligotrophic lake
with a moderate density (553–953/m³) of large sized (carapace
length = 1.5–2.5 mm) Daphnia (Chichoz et al. 1999; McLellan et al.
2003; Lee et al. 2003, 2006; Scofield et al. 2004, 2007; Fields et al.
2004; Pavlik-Kunkel et al. 2005) and kokanee density is relatively
low (1–5 kokanee/hectare) (Baldwin and Polacek 2002; Baldwin et
al. 2005, 2006; Baldwin and Woller 2006a, 2006b, 2007c, 2007),
so growth was exceptional. The mean length and weight of wild
kokanee in Lake Roosevelt was 265 mm TL and 200 g weight at
age 2 (n = 5), 356 mm TL and 446 g at age 3 (n = 19) and 467 mm TL
and 1,037 g at age 4 (n = 78) (Peone et al. 1990). Lake Roosevelt has
produced the last two state angling record kokanee, including a 591
mm (23.25 in.), 2.6 kg (5.75 lb) fish caught in 1993, and a 2.84 kg
(6.25 lb) fish caught in 2003.
Deer Lake had a low density of Daphnia (410/m³) and a small
population of kokanee (McLellan et al. 2005a), so food is probably
not limiting their growth. In 1985 kokanee in Deer Lake averaged
302 mm TL and 297 g at age 2 (n = 10), 400 mm TL and 600 g at
age 3 (n = 45), and 450 mm TL and 888 g at age 4 (n = 43) (Scholz
et al. 1988).
In contrast, Sullivan and Bead lakes are oligotrophic Lakes
with moderate densities of intermediate-sized Daphnia (carapace length = 0.7–1.3 mm). Densities averaged 628/m³ in Sullivan
Lake (Nine and Scholz 2005) and 643/m³ in Bead Lake (Rader
et al. 2006). Instead, smaller sized copepods dominated the zooplankton community in both lakes. Kokanee density was also rela1088

tively high in Sullivan Lake at 247 kokanee/hectare (Baldwin and
McLellan 2005) and in Bead Lake at 33 kokanee/hectare (Polacek et
al. 2003). As a result, growth of kokanee in Sullivan and Bead lakes
was poor in comparison to Lake Roosevelt. The mean length and
weight of kokanee in Sullivan Lake was 220 mm TL and 103 g at age
2 (n = 15), 251 mm TL and 135 g at age 3 (n = 37), and 236 mm TL and
176 g at age 4 (n = 8) (Nine and Scholz 2005). The mean length and
weight of kokanee in Bead Lake was 212 mm TL and 104 g at age 2
(n = 24), 247 mm TL and 151 g at age 3, and 270 mm TL and 181 g at
age 4 (Rader et al. 2006).
Loon Lake had a low density of Daphnia (450/ m³) (Scholz et
al. 1988). The density of age 2 and older kokanee in Loon lake was
100/ hectare (McLellan et al. 2003b). In 1985, kokanee in Loon Lake
averaged 218 mm TL and 96 g weight at age 2 (n = 13), 228 mm TL
and 105 g weight at age 3 (n = 30), and 245 mm TL and 132 g weight
at age 4 (n = 43) (Scholz et al. 1988).
Lake Chelan kokanee averaged 295 mm for age 3 spawners
(n = 83), 319 mm for age 4 spawners (n = 28), 337 mm for age 5
spawners (n = 15), and 354 mm for age 6 spawners (n = 4) in 1981
and 1982 (Brown 1984). The density of kokanee in Lake Chelan was
estimated at 4/hectare in 1981 and 9 fish/ hectare in 1982 (Brown
1984). Lake Chelan is classified as ultra-oligotrophic. Lake Chelan
supports a relatively sparse population of zooplankton in the size
range kokanee prefer. Moreover, the introduction of Mysis shrimp
in 1968, 1969, and 1971 altered the zooplankton community such
that the larger zooplankton of the size range preferred by kokanee
have essentially disappeared from the lake. Despite this, kokanee
growth in Lake Chelan is relatively good because of the relatively
low density of kokanee inhabiting the lake.
In Coeur d’Alene Lake, Idaho, densities of age 3 and 4 kokanee
ranged between 265–455 kokanee per hectare from 1978–1980,
and 1983–1987 (Rieman and Myers 1992). Coeur d’Alene is mesooligotrophic and copepods dominate the zooplankton community.
Large cladocerans are prevented from becoming established by the
high density of kokanee, which size selectively forage on the larger
cladoceran, keeping their numbers in check. Age 4 kokanee averaged 233 mm TL in Coeur d’Alene Lake (Rieman and Myers 1992).
In Pend Oreille Lake, Idaho, densities of age 3 and 4 kokanee
ranged between 40–160 kokanee per hectare in 1977–1980 and 1984–
1988 (Rieman and Myers 1992). Densities of all age classes kokanee
ranged from 135 per hectare to 315 per hectare between 1974 and 1978
(Rieman and Bolwer 1980). The average density of Daphnia between
1974 and 1978 was 780/m³. Average lengths of kokanee spawners
(age 4 and 5) ranged from about 250–300 mm from 1952 to 1978
(Bowler and Ellis 1978). Back calculated growth of kokanee in Pend
Oreille Lake was estimated at approximately 74 mm TL age 1, 160
mm at age 2, 201 mm at age 3, 225 mm at age 4 and 265 mm at age 5
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Table 16.7

Back-calculated total lengths (mm) of kokanee in eastern Washington and north Idaho.
Back-calculated TL (mm) at age
County

Location

n

2

3

4

Chelan

Lake Chelan¹

130

Kittitas

Bumping Lake²

NR

133

295

319

337

144

205

Ferry/Lincoln/Stevens

Lake Roosevelt³, ⁴, ⁵, ⁶, ⁷, ⁸, ⁹, ¹⁰, ¹¹, ¹², ¹³, ¹⁴

775

148

279

406

428

Lincoln/Stevens

Little Falls Reservoir¹⁵

21

59

217

332

423

Pend Oreille
Pend Oreille

Bead Lake¹⁶

69

105

158

212

248

Horseshoe Lake¹⁷

50

70

175

233

256

Pend Oreille

Sullivan Lake¹⁸

83

110

173

218

257

Stevens

Deer Lake¹⁹

78

158

302

400

450

Stevens

Loon Lake¹⁹

85

112

212

220

245

Stevens

Loon Lake²⁰

53

98

172

232

110

213

278

331

Average (eastern Washington)

1

Idaho

Coeur d’Alene Lake²¹

NR

151

191

233

Idaho

Dworshak Reservoir²¹

NR

210

261

310

Idaho

Pend Oreille Lake²¹

NR

149

209

244

Idaho

Priest Lake²²

205

179

216

239

Idaho

Spirit Lake²¹

NR

197

229

259

Idaho

Upper Priest Lake²²

96

Average (north Idaho)

78

85

192

264

294

82

180

228

263

References: ¹Brown (1984), length at age data; ²Mongillo and Faulconer (1982); ³Peone et al. (1990); ⁴Griffith and Scholz (1991); ⁵Thatcher et al. (1995a,
1995b); ⁶Underwood and Shields (1996a, 1996b); ⁷Underwood et al. (1996); ⁸Chichosa et al. (1997, 1999); ⁹Spotts et al. (2002); ¹⁰McLellan et al. (2003); ¹¹Lee
et al. (2003, 2006); ¹²Scofield et al. (2004); ¹³Fields et al. (2004); ¹⁴Pavlik-Kunkel et al. (2005); ¹⁵Tilson (1993); ¹⁶Rader et al. (2006); ¹⁷McLellan et al. (2005a);
¹⁸Nine and Scholz (2005); ¹⁹Scholz et al. (1988), length at age data.; ²⁰McLellan et al. (2005b); ²¹Rieman and Myers (1992), length at age data; ²²Bjornn (1957).

(Bowler 1978). As the population decreased from 315/hectare in 1974
to 135/hectare in 1978, some of the kokanee at age 4 and 5 exceeded
300 mm TL. In 1985, density of kokanee was 189 fish/ hectare and
mean length of spawning fish (age 3 to 5) averaged 273 mm (Bowler
et al. 1986). Mean length and weight were 147 mm and 24 g at age 1+,
214 mm and 83 g at age 2+, 233 mm and 109 g for age 3+, and 259 mm
and 150 g at age 4+ (Bowler et al. 1986). Daphnia density averaged
about 300/m³ during the growing season of 1985 (Bowler et al. 1986).
From 1996–2001, kokanee density in Pend Oreille Lake ranged from
74–191/hectare (Maiolie et al. 2002). In 1998, when kokanee density
was 131 kokanee/ hectare, the average monthly Daphnia density was
422/m³ (December 1997–November 1998). Four year old kokanee
averaged about 240 mm TL.
At Sullivan Lake kokanee made an adfluvial migration into the
inlet, Harvey Creek, to spawn at age 3 (32% of the spawning population) or age 4 (68% of the spawning population) (McLellan 2003).
From 2002–2006, WDFW monitored this migration by installing a migration trap in Harvey Creek (McLellan 2003, 2004, 2005, 2006; King
and McLellan 2007). The average length and weight of spawning males
over the five year period was 251 mm TL (n = 3,162) and 131 g (n = 2,243).
The average length and weight of spawning females over the five year
period was 249 mm TL (n = 3,013) and 122 g (n = 1,421). As the kokanee
spawning population increased in abundance in Sullivan Lake, from
9,231 in 2003, to 14,125 in 2004, to 15,261 in 2005, the average length and
weight of kokanee declined (McLellan 2004, 2005, 2006). In 2003, male
kokanee averaged 273 mm TL (n = 491) and 178 g (n = 324), and female
kokanee averaged 265 mm TL (n = 373) and 164 g (n = 220) (McLellan

2004). In 2004, male kokanee averaged 251 mm TL (n = 635) and 137 g
(n = 547), and female kokanee averaged 242 mm TL and 123 g (n = 242)
(McLellan 2005). In 2005, male kokanee averaged 236 mm TL (n = 1,371)
and 107 g (n = 1,043) and female kokanee averaged 230 mm TL (n = 444)
and 98 g (n = 502) (McLellan 2006). Thus, the growth of the kokanee
fell as the density of kokanee increased. Rieman and Myers (1992) and
Rieman and Maiolie (1995) had previously reported similar density dependent growth in oligotrophic lakes and reservoirs in Idaho.
Fecundity of 850 female sockeye collected from the Wenatchee
River, Chelan County, between 1989 and 1994 averaged (ranged)
2,091 (1,305–2,462) eggs/female (Chapman et al. 1995). Fecundity of
108 female sockeye collected from the Okanogan River, Okanogan
County, in 1993 and 1994 averaged (ranged) 2,499 (2,119–2,673)
eggs/female (Chapman et al. 1995).
Sockeye returning to the Columbia River had the lowest fecundity of any of the populations examined. Chapman et al. (1995) believed that sockeye from the Columbia River may be less fecund
than other stocks because they migrated the longest distance of any
stock. Because sockeye stop feeding when they reenter freshwater
during their spawning migration and thus have a finite amount of
energy, some of which is expended for their migration and the remainder to produce gametes, sockeye that migrate long distances
have less energy for gamete production.
Fecundity of wild kokanee in Lake Roosevelt, Ferry, Lincoln
and Spokane counties, in 1988 and 1989 averaged (±SD) 1,000
(±72) eggs/female in age 2 females (n = 5) that measured (±SD) 265
(±47) mm TL and weighed 200 (±131) g; 1,376 (±326) eggs/female in
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age 3 females (n = 19) that measured 356 (±48) mm TL and weighed
588 (±264) g and 1,683 eggs/female in age 4 females (n = 78) that
measured 467 (±34) mm TL and weighed 1,037 (±182) g (Peone
et al. 1990). Fecundity of a 2 year old hatchery kokanee (Lake
Whatcom stock) (n = 14) in Lake Roosevelt that measured 322
(277–362) mm TL and weighed 376 (256–540) g averaged (ranged)
598 (134–1,273) eggs per female. Fecundity of 2 year old hatchery
kokanee (Meadow Creek stock from Kootenay Lake, BC) that measured 321 (303–350) mm TL and weighed 366 (286–493) g averaged
(ranged) 330 (206–832) eggs per female (McLellan et al. 2008; Blake
et al . 2011, 2012; Blake 2012).
At Harvey Creek, Pend Oreille County, a tributary of Sullivan
Lake, age 3 and 4 kokanee (n = 170) that averaged 240 mm TL and
111 g in weight contained an average 364 eggs (McLellan 2004, 2005,
2006; King and McLellan 2007). At Rimrock Lake, Yakima County,
where kokanee spawned in the North Fork of the Tieton River, females (n = 3,536) that measured (ranged) 233 (209–253) mm TL
had fecundities that averaged 156 eggs/female (Eric Anderson,
WDFW, Yakima, pers. comm.).
At Deep Lake, Grant County, age 3 kokanee females (n = 325)
that averaged (ranged) 235 (216–254) mm TL contained an average
of 357 eggs per female. Age 3 and 4 kokanee females (n = 697) in
Pend Oreille Lake that averaged (ranged) 227 (203–265) mm FL
contained 358 (224–543) eggs per female (McGurk 2000). In Priest
Lake, Idaho, kokanee matured at age 3-6 at 285 mm TL and averaged
428 eggs per female (Bjornn 1957). In Flathead Lake, Montana, fecundity of age 3 and 4 kokanee (n = 32) that averaged 367 (377–400)
mm TL was 922 (751–1,203) eggs per female (Wade Fredenburg,
USFWS, Kalispell MT, pers. comm.). At Hill Creek, tributary of the
Arrow Lakes of the Columbia River in British Columbia, age 3 and
4 females (n = 944 in Hill Creek) averaged (ranged) 228 (181–351)
mm FL and contained 278 (97–667) eggs per female (Murray et
al. 1989). At Meadow Creek, tributary of Kootenay Lake, British
Columbia age 3 and 4 kokanee averaged (ranged) 211 (176–267)
mm TL and 225 (124–510) eggs per female (McGurk 2000).
Sockeye undergo pronounced sexual dimorphism at the time of
spawning. Females generally retain their fusiform shape, but their
bellies swell as their egg skeins enlarge (Figure 16.4). The males become laterally compressed, develop a nuchal hump in front of the
dorsal fin, and their upper jaws elongate and become hooked. Their
backs and sides become red and their head becomes olive green. In
shallow streams, males, on account of their greater size, are subjected to morepredation by grizzly bears than females (Quinn and
Kinnison 1999; Ruggerone et al. 2000; Quinn and Buck 2000, 2001;
Quinn et al. 2001). Bears may spend so much time chasing large
males that smaller females may escape bear predation.
Schultz and students (1935) described the spawning of kokanee.
Spawning by sockeye salmon has been described by Burner (1951),
McCart (1969, 1970), Foote and Larkin (1988), Burgner (1991),
Quinn and Foote (1994), Quinn et al. (1996), MacPhee and Quinn
(1998), Chebanov (1997), Foote et al. (1997), Hendry et al. (1999,
2001), Morbey (2001, 2002, 2003), Morbey and Ydenberg (2003).
Females may dig several (usually about 3–5) egg pockets within her
redd, and spawn with multiple partners. Each egg pocket contains
about 500–1,100 eggs, totaling about 2,000 to 2,400 eggs in a redd.
Jacks or residual sockeye males, specialize at sneaking to fertilize a
portion of the eggs (Foote et al. 1997). This has been determined by
genotyping all of the eggs in a redd. Results have shown that fertil-
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ized eggs in a single redd and single egg pocket within a redd were
sired by a number of males.
Sockeye and kokanee spawning habitat includes lake inlets, lake
outlets and lake beaches. Lake spawning kokanee usually spawn in
areas where upwelling groundwater seeps into the lake at depths of
1–30 m (Jeppsen 1956; Seeley and McCammon 1966; Stober et al.
1979; Burgner 1991; Gibson and Hubert 1993; Chapman et al. 1995;
Gustafson et al. 1997).
I have observed interesting spawning behavior of kokanee in
Chain Lake, Spokane County, Washington. The inlet stream is
characterized by a heavy load of organic sediments deposited on
top of a fine white sand bottom. I have observed dozens of kokanee
working cooperatively to clean off the sediment and expose the
sand. Areas of up to 3.5 m² were cleared in this manner. Several females then deposited eggs, which were fertilized by several males,
on top of the sand but did not bury the eggs. The eggs incubated
on top of the sand.
Kerns and Donaldson (1968) observed similar behavior in
sockeye salmon spawning on rocky beaches in Iliamna Lake,
Alaska. Females broadcast their eggs in rock interstices and made
no attempt to bury them.
Survival of eggs to emergence averaged (ranged) 88% (0–100%)
in the Wenatchee Basin, and 58 (2–94%) in the Okanogan Basin
(Allen and Meekin 1980; Pratt et al. 1991). Survival of emergent
fry to lake entry was estimated 70–90% in Lake Wenatchee and
54–97% in Lake Osoyoos (Chapman et al. 1995).
Egg to smolt survival averaged (ranged) 5.5% (1.7–12.2%) in the
Wenatchee Basin and 12.4% (2.4–38.0%) in the Okanogan Basin
from 1970–1976 (Mullan 1986). Survival of smolts to the sexually
mature adult stage in Lake Osoyoos and Lake Wenatchee was
respectively estimated at 3.0 and 2.9% (Mullan 1986). For every
10,000 sockeye eggs in the Wenatchee Basin, an average of 8,800
survive until emergence, 6,160–8,624 survive until the fry enter
Lake Wenatchee, 550 survive through the smolt stage and 17 survive to return as sexually mature adults. For every 10,000 sockeye eggs in the Okanogan Basin, 5,800 survived until emergence,
3,132–5,626 survived until the fry entered the lake, 1,240 survived
through the smolt stage and 26 survived to return as sexually mature adults. Adult sockeye undergo rapid senescence and age very
rapidly after they spawn (Moreby et al. 2005).

Chinook salmon
Healey (1991) compiled an excellent account about what was
known about the life history of Chinook salmon. Status reviews
were prepared for Columbia River spring, summer and fall
Chinook (Waknitz et al. 1991; Meyers et al. 1998).
Chinook salmon are anadromous and semelparous. Chinook
salmon have two major life history variations (Healey 1991; Myers
et al. 1998). One form, called “stream type” Chinook, typically reside in freshwater for more than one year before emigrating to the
ocean as smolts at age 1+ (Gilbert 1912; Healey 1983; 1991; Chapman
et al. 1994). Their downstream migration in the Columbia River
takes about a month to complete. The age at time of return to
freshwater is 2 to 6 years old. Adults usually return to freshwater
several months before spawning. Typically they enter freshwater
from March to May and spawn from August to October. “Stream
type” Chinook salmon predominate in colder northern latitudes in
British Columbia, Alaska, and in higher elevation tributaries of the
Fraser and Columbia rivers (Taylor 1991a; Healy 1991).
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Figure 16.4

Sexual dimorphism in sockeye salmon. A) Sockeye in the ocean have silver sides and iridescent blue backs. They are commonly called bluebacks. B) Sockeye on their spawning grounds are bight red colored. Males (foreground) can be differentiated from females by their hooked upper jaw and hump in front of dorsal fin. They are commonly called red salmon.
Spawning sockeye photograph courtesy of W.S. Wydoski (U.S. Fish and Wildlife Service, retired).

The second form, called “ocean type” Chinook, reside in freshwater for less than a year, typically 1–4 months, before emigrating
to the ocean as smolts at age 0 (Mullan 1987; Healey 1991; Chapman
et al. 1994). They begin to migrate soon after emerging from their
redd. Their downstream migration may take 3–4 months to complete. They feed along the way and reach the ocean by the end of
the summer of the year they were born. The age at time of return
is 2 to 7 years old. Adults return in the summer and autumn, and
spawn soon after entering freshwater. Typically they enter freshwater from August to October and spawn from mid-August to
November. “Ocean type” Chinook are more common in warm
southern latitudes, in southern British Columbia, Washington,
Oregon, and California (Taylor 1991a; Healy 1991).
Genetic differences, as measured by variations in allozymes,
mtDNA, and msDNA, indicate that ocean type and stream type Chinook
populations represent two major evolutionary lineages (Myers et al.
1998). Both stream type and ocean type Chinook disperse downstream immediately after emerging from their spawning gravels. In
the case of ocean Chinook from upper tributaries of the Columbia
River, they continue to migrate all the way to the ocean at a sedate
pace, taking months to reach the estuary. The fry remain in estuarine
nurseries for several months until they reach a fork length of 70 mm
(Healey 1991). In the case of stream type Chinook, in tributaries of
the upper Columbia River, their initial downstream migration probably acts as a dispersal mechanism that serves to redistribute the fry
into suitable rearing habitats, where they take up residence and remain until the following year (Healey 1991). It is believed that this
behavior helps to regulate the number of juvenile salmon with the

stream’s carrying capacity (Chapman et al. 1995). Juvenile stream
Chinook are aggressive and defend their feeding territory from encroachment. As yearlings, they smolt in April and May and migrate
to the sea. Their smoltification is well timed with the spring freshet
to speed them to the sea. Thus, their journey is swift, usually taking
no more than one month to complete. The smolts spend one to two
months in the estuary before continuing on to the ocean.
Ocean type Chinook exhibit positive rheotaxis (swimming
against the current) during the day, but negative rheotaxis (swimming with the current) at night (Taylor 1990b). In the Columbia
River they traveled downstream predominantly at night with peak
activity at around midnight, drifting at about the same speed as the
current (Mains and Smith 1964). In contrast, stream type Chinook
exhibit positive rheotaxis during both day and night (Taylor and
Larkin 1986; Taylor 1990b) until they smolt at age 1+, at which time
they also exhibit negative rheotaxis at night.
Clark et al. (1989) determined that there was also a difference is
the way stream type and ocean type Chinook adapted to seawater.
Ocean type Chinook were able to adapt immediately to saltwater,
whereas stream type Chinook could not. The stream type Chinook
required a period of shortened day lengths before they could adapt
to saltwater. Stream Chinook adapted to saltwater as they smolted
at age 1+.
Stream type Chinook move offshore early in their marine life,
whereas ocean type Chinook salmon tend to remain in sheltered
coastal waters for their entire time in the ocean (Healey 1991).
Coded wire tagged stream type Chinook from the Columbia River
migrated to the high seas as far west as 175°W longitude, whereas
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tagged ocean type Chinook from the Columbia Basin were usually
found within 250 km of the coast.
Ocean type Chinook grow faster than stream type Chinook. By
the age 2, 3, 4, 5, and 6 Columbia River ocean Chinook attain fork
lengths (FL) of 500, 650, 850, 950, and 1,000 mm respectively. In
contrast, Columbia River stream Chinook attain FLs of 390, 500,
800, 900, and 950 mm at those respective ages. This difference in
growth is thought to be due to richer food conditions in the ocean
as compared to freshwater.
Typically, a portion of the stream type Chinook becomes residualized (do not migrate to the ocean) and precocious (became sexually
mature at age 1+). They remain in freshwater and function as “sneaker
males.” In the Yakima River in 1998, most (87%) of the stream type
Chinook redds were attended by about nine precocious sneaker
males (James et al. 1999). This life history strategy is apparently not
employed by Chinook salmon with an ocean type life history.
In the Columbia River, Chinook salmon are also divided into
spring, summer and fall runs. Spring run Chinook return to
freshwater primarily in March to May and spawn from August
to October (WDFW and ODFW 2002). Almost all spring runs are
stream type Chinook. Summer run Chinook enter the river during
June and July, with the majority passing Bonneville Dam in early July
(WDFW and ODFW 2002). They spawn from late September through
November. Fall run Chinook enter the river in August to November
(WDFW and ODFW 2002). Spawning occurs in autumn. Almost all
fall run fish are ocean type Chinook.
There are two distinctive components of summer Chinook
runs. One group spawns in tributaries of the upper Columbia
River. Juveniles migrate to saltwater in their first year of life and
are therefore considered to be ocean type Chinook (Mullan 1987;
Chapman et al. 1991, 1994; Taylor 1990a, 1990b, 1991; Myers et al.
1998). The other group spawns in tributaries of the Snake River,
Idaho. They spend a full year in freshwater before migrating to the
ocean and are thus considered to be stream type Chinook (Taylor
1990a, 1990b, 1991; Chapman 1991, 1994; Myers et al. 1998). Because
Snake River summer Chinook have a stream type life history, they
were combined with Snake River spring Chinook as an evolutionary significant Unit (ESU) under the Endangered Species Act in
May 1992.
Spring and summer Chinook return to spawn and rear in the
upper reaches of the major tributaries of the Columbia and Snake
rivers. In contrast, fall Chinook spawn in the mainstems of the
Columbia and Snake rivers and in the lower reaches of the major
tributaries.
Two types of fall Chinook enter the Columbia River. Some
called “Tules” enter the river in an advanced state of sexual maturation. Their gonads are ripe and they have dark spawning coloration. They enter the river and spawn immediately. “Tules” historically spawned in the mainstem from the mouth of the Columbia
to the Klickitat river (near the Cascade Crest). Others, called “upriver brights” entered the river 1–3 months before spawning, in
silvery coloration and gradually matured. Upriver brights (URB)
historically spawned in the mainstem of the Columbia River above
the Cascade Crest, in the regions now occupied by the four lower
Columbia Reservoirs and in the Hanford Reach. Wild spawning
of upriver brights now occurs primarily in the Hanford Reach, the
last remaining free-flowing section of the Columbia River above
Bonneville Dam in the United States.
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The fisheries agencies manage fall Chinook that enter the
Columbia River as two runs: a lower river run that spawns below Bonneville Dam and an upper river run that spawns above
Bonneville Dam. The upper river run is further subdivided into: 1)
Bonneville Pool hatchery (BPH) fish; 2) mid-Columbia bright fish
(MCB) which spawn in the Dalles and John Day reservoirs; 3) URB
fish that spawn in the Hanford Reach, and below Wanapum, Rock
Island and Wells dams in the mainstem of the Columbia River (URB
fish also enter the lower Yakima River and Priest Rapids hatchery at
the head of the Hanford Reach); and 4) Snake River Bright (SRB)
fish that spawn below Little Goose and Lower Granite dams and below Hells Canyon Dam in the Snake River.
Snake River fall Chinook used to spawn as far upstream as
Shoshone Falls at RKM 976 above the mouth of the Snake River;
or 1,557 km above the mouth at the Columbia River (Evermann
1896; Fulton 1968). Their migration was blocked by a succession
of dams including Swann Falls (Snake RKM 734) in 1910 and Hells
Canyon (Snake RKM 459) in 1967 (Fulton 1968), which had no fish
ladders. Four additional dams have since been constructed in the
lower Snake River, Washington. These included Ice Harbor Dam
(Snake RKM 16) in 1961, Lower Monumental Dam (Snake RKM 67),
in 1969, Little Goose Dam (Snake RKM 113) in 1970 and Lower
Granite Dam (Snake RKM 173) in 1975. Each of these dams was
constructed with a fish ladder but they impeded upstream migration and the reservoirs have inundated former spawning areas.
Many Snake River fall Chinook are now reared at Lyons Ferry
Fish Hatchery, constructed in 1984, as part of the Lower Snake
River Compensation Plan (LSRCP) to compensate for loss of habitat caused by construction of the four lower Snake River dams by
the United States Army Corps of Engineers (USACE). Brood stock
is composed of fish that return to a hatchery ladder, and hatchery
and wild adults collected from the fish ladders at Ice Harbor or
Lower Granite dams. The hatchery rears two types of fall Chinook,
one type are fall Chinook released as subyearlings (normal life cycle for ocean type fall Chinook) that usually migrate downstream
in July and August (Raymond 1968; Park 1969). The other type are
fall Chinook that are held over in the hatchery until they are yearlings (abnormal life cycle for ocean type fall Chinook). The reason
that some fish are held for a longer time is because the survival rate
to the adult stage is better for yearlings than subyearlings.
Historically, most summer Chinook spawned in the Columbia
River above Grand Coulee Dam (RKM 961), which blocked access to the spawning grounds commencing in 1939. These fish
were the largest Chinook produced in the Columbia River with
18–25 kg (30–40 lb) fish fairly common and an occasional fish
tipping the scales at 50 kg (80 lbs). They were historically called
“June Hogs” because of their large size and migration timing
(WDFW and ODFW 2002).
Summer Chinook salmon ascended the river to spawn below
Kettle Falls (on the Columbia River) and Spokane Falls, (on the
Spokane River) (Gilbert and Evermann 1894; Bryant and Parkhurst
1950; Fulton 1968). Some summer Chinook ascended above Kettle
Falls and migrated to the source at the Columbia River at Lake
Windermere and Columbia Lake in British Columbia (Chittenden
and Richardson 1905; Bryant and Parkhurst 1950; Fulton 1968).
The distinction between spring and summer Chinook is blurred.
Historically, “June Hogs” were usually classified as summer Chinook.
These fish arrived at Kettle Falls and in Spokane River by mid-June.
Presbyterian missionaries lived at the Chamokane Mission near

Fishes of Eastern Washington: A Natural History

Subfamily Salmoninae

the Indian fishery at Little Falls (RKM 45 on the Spokane River)
for 10 years (1831–1841). Published diaries and correspondence of
the two ministers and their spouses indicated that the first “summer’ Chinook were caught annually at Little Falls on June 15 (range
June 10–June 20) (Drury 1963, 1976). These fish were, thus, probably
more appropriately classified as “spring” Chinook as they must have
passed Celilo Falls in April or May.
A female Chinook salmon excavates a redd by turning on her side
and scooping out an oval depression by making powerful thrusts with
her tail. Chinook females may spawn with multiple breeding partners
over a period of several days. After each spawning, she covers the eggs
with gravel, then extends her redd in preparation for spawning again.
Chinook salmon spawn at temperatures of 5.6–14.4°C (42–
58°F). Redd characteristics for Chinook were described by Burner
(1955), Bovee (1978), Mueller (2002, 2003, 2004, 2005, 2006) and
Murdoch et al. (2001; 2006). Chinook redds were constructed at an
average (range) in water depth of 0.3 m (0.05–10.5 m), in substrates
ranging from gravel to cobble (0.5–15.2 cm in diameter) where current velocity averaged (ranged) 0.4–0.5 m/s (0.1–1.9 m/s). Redds in
two tributaries of the Wenatchee River (Chiwawa River and Nolin
Creek) were roughly oval in shape, with a length of 6.1 m and width
of 4.1 m (Murdoch et al. 2006). Redds ranged from 2.1–44.8 m² in
surface area.
Fall/summer (ocean type) Chinook occasionally spawn in deep
water. For example, Chapman (1943) observed spawning at depths
of 7 m below Kettle Falls, WA in 1939. Chapman et al. (1994) observed upriver bright fall Chinook spawning at depths up to 3.0 m
in the Hanford Reach of the Columbia River. Fall Chinook were
also observed in the tailraces of Lower Granite and Little Goose
dams (Snake River) spawning in 3.9 to 8.2 m of water (Dauble et al.
1999) and below Bonneville Dam at depths of 0.9–9.7 m (Mueller
and Dauble 2001; Mueller 2000, 2001, 2002, 2003, 2004, 2005;
Arntzen et al. 2007).
Chinook salmon have the largest eggs of all salmon species,
about 6–7 mm in diameter (Rounsefell 1957). Consequently their
eggs have a small surface to volume ratio, which means they will
have more difficulty extracting oxygen within the redd. Hence,
Chinook prefer areas with high sub gravel flow. For example, in
the Hanford Reach of the Columbia River, adult fall (ocean type)
Chinook constructed redds in clusters (Geist et al. 2000a). These
clusters were associated with areas where hyporeic water discharged
into the river channel. This upwelling water had a specific conductance similar to the river water and was thought to have entered the
highly permeable river bed substrate upstream from the spawning
area. It then percolated through the redd by sub-gravel flow and
upwelled through the redds. This type of area is apparently highly
attractive to egg laying Chinook. Areas where little or no upwelling occurs, or areas where hyporeic discharge was composed of
undiluted ground water, low in oxygen, failed to attract spawning
females. Areas selected by salmon had rates of upwelling that averaged (±95% CI) 1,200 (784–1665) L • m² • day¹ that had dissolved
oxygen content of 9 ±0.4 mg/L. Areas not selected by salmon
had rates of upwelling that averaged (±95% CI) 500 (303–1159)
L • m² • day¹ and had a dissolved oxygen content of 7 (±0.9) mg/L
(Geist et al. 2000a). Repeated use of the same cluster areas was made
by Chinook during the 1994 and 1995 spawning seasons. Chinook
were spaced uniformly within a cluster, which suggested that redds
were evenly spaced so not to interfere with oxygen levels in neighboring redds (Geist et al. 2000a).

Fecundity of Chinook females ranged from 1,622 to 17,255 in
a sample of 1,892 fish, ranging from 427–1,330 mm FL collected
from throughout their range (Healey and Heard 1984; Fleming
and Gross 1990; Beachman and Murray 1993). In the Columbia
River, fecundity ranged from 2,148–7,750 in a sample of 462
Chinook females that ranged from 492–840 mm FL (Healey and
Heard 1984; Murdoch et al. 2006; Chapman et al. 1995; Bartlett
1998; Knudson 2003, 2004, 2006; Howell et al. 1985; Wargo et al.
1999; Milks et al. 2000, 2003, 2005, 2006, 2007). In general, fecundity increased with increasing length, weight, and age of the fish.
Some examples of fecundity in stream type Chinook salmon
from the Columbia River include:
• In the Chiwawa River (Wenatchee River Basin) average fecundity (±SD) was 3,961 (±637) eggs in age 4 females (n = 30), and 5,642 (±1327) eggs in age 5 females
(n = 7) in 2005 (Murdoch et al. 2006).
• In the Methow River average fecundity was about
4,200 eggs in age 4 females and 5,400 in age 5 females
(Chapman et al. 1995a). Fecundity of age 4 fish (n = 7)
in 1996 averaged (ranged) 4,270 (3,041–5,433) eggs
per female (Bartlett 1998).
• In the Chewuch River (Methow River Basin), average
(range) fecundity was 3,687 (3,146–4,425) eggs for age
4 females (n = 14) and 5,389 (4,637–5,783) eggs in age 5
females (n = 8 fish) (Bartlett 1998).
• In the Twisp River (Methow River Basin), average
(range) fecundity was 4,156 (3543–4,614) eggs for age
4 females (n = 7) (Bartlett 1998).
• In the Klickitat River, average fecundity (±SD) was
3,699 (±725) eggs in age 4 females (n = 33) and 3,853
(±586) eggs in age 5 females (n = 5) (Fuss et al. 1998).
• In the Yakima River, in 2000, 4-year-old wild spring
Chinook females that measured 630 mm FL contained an average of 4,160 eggs each and 5-year-old
females measuring 753 mm FL contained an average
of 5,101 eggs each (Knudsen 2001). In 2003, age 4 wild
spring Chinook in the Yakima contained an average
of 4,349 eggs. At age 5, wild spring Chinook in the
Yakima contained an average of 5,427 eggs (Knudsen
2004).
• Fecundity of wild spring Chinook females returning
to Tucannon River in 1990–2005 averaged (ranged)
3,578 (2,803–4,204) eggs for 4-year-old fish (n = 137)
and 4,417 (3,617–5,284) eggs for 5-year-old fish
(n = 77) (Gallinat 2004). During the same period, fecundity in hatchery females from the Tucannon River
averaged (ranged) 3,013 (2,463–3,584) eggs for 4-yearolds (n = 249) and 3,684 (3,052–4,208) for 5-year-olds
(n = 41) (Gallinat 2004).
Some examples of fecundity in ocean type (summer and fall
Chinook) from the Columbia Basin include:
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• In the Methow River, average fecundity of summer
Chinook was 2,284 for age 4 fish, 4,300 for age 5 fish,
and 4,980 for age 6 fish (Mathews and Meekin 1971).
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• At Wells Dam, average fecundity of summer Chinook
was 4,925 for females that averaged 904 mm FL
between 1978 and 1992 (Howell et al. 1985; Wauknitz
et al. 1995).
• In the Wenatchee River, fecundity of summer
Chinook averaged 5,889 in 204 females that ranged
between 765–920 mm FL and 4,402 in 211 females
that ranged from 577–1,087 FL (Petersen et al. 1999a,
1999b).
• Fecundity of upriver bright fall Chinook at Priest
Rapids hatchery averaged 4,704 eggs between 1978
and 1992 (Wauknitz et al 1995).
• Average fecundity ( ±SD) of wild fall Chinook
spawned at Lyons Ferry Hatchery was 3,599 (±1,131)
eggs in 3-year-old females 810 ( ±170) mm FL
(n = 2), 3963 (±958) eggs in 4-year-old females 800
(±70) mm FL (n = 51), 4888 (±958) eggs in 5-yearold females 910 (±61) mm FL (n = 6) , and 4,219 in
6-year-old females 910 (±90) cm FL (n = 2) (Milks et
al. 2006).
• Average fecundity ( ±SD) of Lyons Ferry hatchery fish
that returned to the hatchery trap was 2,865 (±755)
for 3 year old fish that averaged 680 (±40) mm FL
(n = 48), 3,788 (±781) eggs for 4-year-old fish that
averaged 790 (±70) cm FL (n = 56), and 4,716 (±840)
eggs for 5-year-old fish that averaged 900 (±80) mm
FL (n = 2) (Milks et al. 2006).
Major and Mighell (1969) estimated 5.4–6.4% of the eggs of
spring (stream type) Chinook deposited in the Yakima River survived to migrate downstream as yearling smolts. In the Yakima
Basin, 14 spring Chinook redds were capped in 1985 and 1986
and survival of emergent fry estimated (Fast et al. 1986a, 1986b).
Mean survival was estimated at 56.6% (range = 21.9–90.0). Egg
to smolt survival was estimated at 1.3%–10.6% between 1986 and
1991 (Wasserman and Hubble 1983; Wasserman et al. 1985; Fast
et al. 1986a, 1986b, 1987, 1988, 1989a, 1989b, 1991a, 1991b). A total of 3,572 fish returned from 135,540 wild smolts counted at
Prosser Dam in 1983, so smolt to adult survival was estimated at
2.6%. Smolt to adult survival from 1983–1987 averaged (ranged)
3.7% (1.7–6.0%) (Fast et al. 1991a, 1991b). In contrast, survival
of hatchery reared fish was poor. Only 57 returned at age 3 in
1985 and 219 at age 4 in 1986 from a release of 401,714 fish in the
spring of 1982 (0.07%) (Fast 1991a).
Mullan et al. (1992) provided estimates for wild spring (stream
type) and summer/fall (ocean type) Chinook survival in the
Wenatchee, Entiat and Methow rivers for 1967–1987 (Table 16.8).
Mullan et al’s (1992) numbers indicated that, for every 100,000
fall/summer Chinook salmon eggs produced in the Wenatchee
River between 4,800 and 8500 would survive until the time of their
downstream migration as subyearling parr and 192 to 604 would
survive to the adult stage. For every 100,000 spring Chinook salmon
produced in the Wenatchee River, 2,700–4,300 would survive to
the parr stage, 1,080–2840 would survive to the time of their downstream migration as yearling smolts, and 68 to 286 would survive to
the adult stage.
For every 100,000 fall/summer Chinook produced in the
Entiat River, between 25,900 and 45,500 would survive until the
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time of their downstream migration as subyearling parr, and 181–
1,183 would survive to the adult stages. For every 100,000 spring
Chinook produced in the Entiat River, between 3,100 and 4,700
would survive to the parr stage, 1,240–1,880 would survive to the
time of their downstream migration as yearling smolt, and 69–162
would survive to the adult stage.
For every 100,000 fall/summer Chinook produced in the
Methow River, between 8,500 and 15,200 would survive until the
time of their downstream migration as subyearling parr, and 187–
1,216 would survive to the adult stage. For every 100,000 spring
Chinook produced in the Methow River, between 5,800–13,300
would survive to the parr stage, 2,320–5,320 would survive to the
time of their downstream migration as yearling smolts, and 46–245
would survive to the adult stage.
Mullan et al. (1992) also noticed that, during the interval 1967–
1987, the average smolt to adult survival for hatchery chinook was
around 0.6% in the Wenatchee River, 0.2% in the Entiat River, and
0.2% in the Methow River. In comparison, the minimum smolt
to adult survival of naturally reproduced fish was 6.3% in the
Wenatchee, 5.6% in the Entiat and 2.0% for the Methow. Thus, the
viability of hatchery smolts was greatly reduced in comparison to
natural smolts.
Egg to smolt release survival rates of Lyons Ferry hatchery
fall Chinook have averaged (ranged) 89.3% (85.0–95.8%) for fish
released as subyearlings and 81.6% (61.3–92.1%) for fish released
as yearlings between 1990 and 2003 (Milks et al. 2006). Smolt-toadult returns in the Snake River for brood years 1990–1998 averaged 0.35% for fish released subyearlings and 0.53% for fish released
as yearlings (Milks et al. 2006). When all recovery data including
harvest in the ocean and lower Columbia River were factored in,
these numbers increased to 0.62 for fish released as subyearlings
and 0.92 for fish released as yearlings (Milks et al. 2006). For every 100,000 eggs, 89,300 survived until release as subyearlings,
313 survived to return to the hatchery and an additional 240 were
harvested in ocean or in the Columbia River fisheries. For every
100,000 eggs, 81,600 survived until release as yearlings and 432
survived to return to the hatchery and an additional 319 were harvested in the ocean or in the Columbia River fisheries. Because
survival of fish released as yearlings is better than fish released
as subyearlings, Lyons Ferry Hatchery has continued to release
substantial numbers of yearlings despite the fact that the Snake
River bright stock of upriver fall Chinook naturally migrated as
subyearlings.
For naturally reproduced spring (ocean type) Chinook salmon
in the Tucannon River, egg to parr survival averaged (ranged)
10.4% (1.2–19.0%) and parr to smolt survival averaged (ranged)
53.7% (44.9–83.3%) between 1985 and 2004 (Gallinat and Ross
2006). For hatchery spring Chinook in the Tucannon River, egg
to parr survival averaged (ranged) 83.0% (20.6–97.0%) and parr to
smolt survival averaged (ranged) 86.4% (52.4–97.9%) (Gallinat and
Ross 2006). Despite this difference in survival in favor of hatchery fish, smolt to adult survival from 1985–2000 averaged (ranged)
0.76% (0.02–8.00%) for wild fish and 0.15% (0.03–0.75%) for
hatchery fish. Thus, for every 100,000 wild eggs deposited, an average of 10,400 would survive to the parr stage, 5,585 would survive
to the smolt stage, and 42 would survive to the adult stage. Also,
for every 100,000 hatchery eggs, on average 83,000 survived to the
parr stage, 71,212 survived to the smolt stage and 108 survived to
the adult stage. Thus, although the viability of smolts was greater

Fishes of Eastern Washington: A Natural History

Subfamily Salmoninae

Table 16.8

Estimates of wild spring and summer/fall Chinook survival in the Wenatchee, Entiat and Methow rivers (Data from Mullan
et al. 1992).
Wenatchee River
(range 1967–1987)

Entiat River
(range 1967–1987)

Methow River
(range 1967–1987)

Egg to parr survival

4.8–8.5

25.9–45.5

8.5–15.2

Parr to adult survival

4.0–7.1

0.7–2.6

2.2–8.0

Spring (stream)

Egg to parr survival

2.7–4.3

3.1–4.7

5.8–13.3

Spring (stream)

Parr to smolt survival

40.0

40.0

40.0

Spring (stream)

Smolt to adult survival

6.3–10.1

5.6–8.6

2.0–4.6

Type

Life stage

Fall/summer (ocean)
Fall/summer (ocean)

for wild fish by a factor of 5.2 (0.75/0.15) over hatchery fish, the
hatchery fish still produced more returning adults than wild fish by
a factor of 2.6 (i.e. 108/42) (Gallinat and Ross 2006).
Hillman and Miller (1993, 1998, 1999, 2000, 2001, 2002, 2003,
2004, 2005) reported that egg to parr survival of spring (ocean type)
Chinook in the Chiwawa River, a tributary of the Wenatchee River
averaged (ranged) 6.6% (2.7–22.1%) between 1992 and 2005. Spring
Chinook yearlings averaged approximately 100–140 mm FL at the
time of their seaward migration, whereas summer Chinook and
fall Chinook migrated at about half that length (Mains and Smith
1955; French and Wahlo 1959; Miller and Schonning 2005; Mayer
and Schuck 2004).
Wild Chinook in the Wenatchee River, a tributary of the midColumbia River, out migrated at two sizes. Spring Chinook out
migrated as 97 mm FL yearling smolts. Summer and fall Chinook
out migrated as 45 mm FL subyearling fry (French and Wahlo
1959; Miller and Schonning 2005, 2006). Yearlings migrated past
Rock Island Dam from about 1 April–30 December, peaking the
first week in May and slowing to a trickle by 1 June. Subyearlings
migrated from 16 May to 31 August with peaks on about 20 June
and 30 July (Truscott 1995).
In the Tucannon River, tributary of the lower Snake River,
wild and hatchery spring Chinook yearlings averaged about 107
and 141 mm FL respectively at the time of their out-migration
(Gallinat and Ross 2004, 2005, 2006). Fall Chinook in the Snake
River migrated downstream either as subyearling fry (Age 0+)
that averaged about 67 mm FL or as yearling smolts (age 1+) that
averaged about 97 mm FL (Meyer and Schuck 2004).
Yearling spring Chinook smolts in the Columbia and Snake
rivers migrated downstream from February to November (peak
in April and May) at rates of 21 km/day at low discharge and
37 km/day at moderate discharge (Raymond 1968). In free flowing
segments of the river, the fish drifted predominantly at night at
about the same speed as the current. In impoundments their migration was generally faster than the discharge, thus indicating that
there is also a directed component to their downstream migration.
Hatchery yearling Chinook salmon released at Wells Dam on the
Columbia River migrated downstream at a faster rate (37 km/day)
than subyearling (13 km/day) (Howell et al. 1985).
Juvenile spring Chinook released from Leavenworth National
Fish Hatchery (NFH) on Icicle Creek, a tributary of the Wenatchee
River, in late April, arrived at Rock Island Dam (71 km downstream) on the Columbia River about two days later (Mullan 1987).
Four tagged groups, released from Leavenworth NFH on 25 or 26
April, 1979, reached the Columbia River estuary (724 km downstream) by 22–29 May (Mullan 1987).

Additional data on the migration of juvenile Chinook salmon
has been collected at the Rock Island Dam smolt monitoring facility
(Fielder and Peven 1986; Peven et al. 1988, 1995, 1996, 1999; Peven
and Fielder 1991; Peven 1992; Truscott 1993, 1994; McDonald 1996;
McDonald and Keesee 1997; Martinson et al. 1997; Truscott and
Fielder 1997; Peterson and Tonseth 1998, and Peven and Mosey 1998).
Mains and Smith (1955) determined that spring Chinook smolts
in the Snake River migrated downstream mainly during hours of
darkness. Eighty-nine percent were recorded in a smolt trap between 2200 and 0600 hours, 4% between 0600 and 1600 hours,
and 7% between 1600 and 2200 hours.
Spring (stream type) Chinook from all areas of the Columbia
and Snake River, above the Cascade Crest distributed almost exclusively northward after entering the ocean. Tagged fish were taken
off the coasts of Alaska and British Columbia. Some moved offshore to feed in the Gulf of Alaska as far west as 170–175ºW longitude (Wright 1968; Wahle and Vreeland 1977; Healy 1991). Summer
Chinook from all areas of the Columbia and Snake Rivers also tend
to travel in a northerly direction after entering the ocean.
Upriver bright fall Chinook salmon from the Columbia River,
Yakima River, and middle Columbia tributaries migrated to the
north after reaching the sea. Coded wire tag recoveries of these
fish were predominantly from off the coast of Alaska and British
Columbia (Wright 1968). In contrast to spring Chinook, which migrate offshore, fall Chinook tended to remain distributed along the
coastline, within about 300 km from shore (Healy 1991). Coded wire
tag recoveries from brood years 1978–1984 of fall Chinook released
at Priest Rapids hatchery on the Columbia River showed the following distribution: 4% off coasts of California, Oregon or Washington;
39% off the coast of British Columbia , 24% off the coast of Alaska,
and 33% in the Columbia River (Waples et al 1991; Hyun 1996).
In contrast, upriver bright fall Chinook from the Snake River
distribute to the north and south after entering the ocean. Many
coded wire tags were recovered off the coast of California, Oregon
and Washington (Wright 1968). Coded wire tag recoveries from
1978 to 1984 brood years of Fall Chinook released in the Snake River
showed the following distribution: 29% off the coast of California,
Oregon and Washington, 42% off the coast of British Columbia, 3%
off the coast of Alaska, and 26% in the Columbia River (Waples et
al. 1991; Hyun 1996). A total of 5,775,753 coded wire tags were put
on Snake River Fall Chinook that were released as yearlings from
Lyons Ferry Hatchery between 1990 and 2001. Of these, 22,708
(71.8% of all recoveries) were subsequently recorded in the Snake
River, 3,442 (10.8%) in the Columbia River, 1,880 (5.9%) off the
Coasts of Alaska and British Columbia, and 3,588 (11.3%) off the
coasts of Washington, Oregon and California (Milks et al. 2006).
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Lower River (Tule) fall Chinook were mostly taken in commercial fisheries off the coasts of Washington and in the Strait of Juan
de Fuca (Wright 1968; Utter et al. 1993).
Depth distribution of Chinook in the ocean was determined by
Taylor (1968) using gill nets. He found Chinook were present at all
depths between the surface and 110 meters, but were most numerous (46% of all Chinook found) between depths of 57–73 meters.
Candy and Quinn (1999) attached ultrasonic depth transmitters to
32 Chinook salmon off the coast of British Columbia to track their
vertical and horizontal movements in the Johnstone Strait. The average depth of all fish was 25–64 m during the day and 49–78 at
night. Maximum depth was 400 meters. Average ground speeds
were 1.9–3.2 km/hour during the day and 1.7–2.5 km/hour at night.
Healy and Groot (1987) attached ultrasonic transmitters to maturing Chinook salmon in Johnstone Strait and found that they traveled 45 km/day in a direct course to their natal river.
Adult spring (stream type) Chinook usually arrive at the
mouth of their tributary by April to August and spawn in
August or early September in both the Columbia and Snake rivers. Spring Chinook entered the Yakima between 20 April and
23 July, and spawned in the American River 15–18 August and in
the Naches River 11–14 September (Knudsen 2004). Wild spring
(stream type) Chinook adults migrated back to the Wenatchee
River between 14 May and 20 June in 2004 and 2005 (Murdoch
et al. 2006). These fish spawned in the upper Wenatchee River
between 28 August through 19 September, in the Chiwawa River
between 1 August and 12 September, in the Nason Creek between
31 July and 18 September, and in the White River between 14
August and 18 September (Murdoch et al. 2006).
Spring Chinook adults migrating back to the Methow River
arrived at Wells Dam from 17 May to 29 July, 1996 (Bartlett
1996). These fish spawned in the Methow River between 6
August and 3 September, and in the Twisp River from 13 August
to 3 September, and in the Chewack River from 13 August to 3
September (Bartlett 1996).
Wild spring (stream type) Chinook adults migrating back to
the Tucannon River did so between 15 May and 15 June, 1986–2004.
Spawning in the wild peaked on an average date of 15 September
with a duration of ±17 days (Gallant and Ross 2005). Bugert et
al. (1992), radio tracked Tucannon River spring Chinook from
the time they arrived in the Tucannon River until the time they
spawned. They found that the adults selected deep pools or runs
with undercut banks and remained in this habitat for 77 to 108 days
before spawning. Hatchery spring Chinook in the Tucannon River
migrated back between 22 May and 20 June 1986–2004. Spawning
occurred in the hatchery from 2 September to 16 September.
Adult fall (ocean type) Chinook usually arrived at the mouth of
the their natal tributaries by August and September and spawned
in October or November. For fall (ocean type) Chinook returning
to Lyons Ferry Hatchery, the peak of spawning has ranged from 2
November–19 November between 1984 and 2004, and spawning
duration has ranged between 15 October and 17 December, 1984–
2004 (Milks et al. 2006).
Peak spawning by Priest Rapids hatchery fall (ocean type)
Chinook was 17 October–23 October, 2004 and spawning duration was 13 September to 2 November, 2004 (Lewis and Paulson
2005). For summer (ocean type) Chinook in the Methow River,
peak spawning occurred between 3 October and 22 October, 2002–
2005, and the duration of spawning was from 21 September to 24
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November, 2002–2005 (Miller 2004, 2005, 2006a, 2006b). For summer (ocean type) Chinook in the Okanogan River, peak spawning occurred between 6 October and 21 October, 2002–2005 and
the duration of spawning was from 22 September to 11 November,
2002–2005 (Miller 2004, 2005, 2006a, 2006b). For summer (ocean
type) Chinook in the Similkameen River, peak spawning occurred
between 2 October and 23 October, 2002–2005 and the duration
of spawning was from 15 September to 13 November, 2002–2005
(Miller 2004, 2005, 2006a, 2006b).
Spring Chinook in the Yakima Basin averaged 459 mm FL of age
3 (n = 270), 623 mm FL at age 4 and (n = 562), and 749 mm FL at age
5 (n = 566) (Knudson 2004). Spring Chinook in the Wenatchee and
Methow rivers averaged 550 mm FL at age 3, 683 mm FL at age 4, and
801 mm FL at age 5 (Mullan 1987; Bartlett 1995).
Upriver Bright (URB) fall Chinook averaged (ranged) 700 (460–
840) mm FL at age 3, 890 (640–1,150) mm FL at age 4, and 1000 (770–
1,180) mm FL at age 5 (Mullan 1987). Male URB fall Chinook that
spawned in the Hanford Reach of the Columbia River averaged
(ranged) 679 mm FL at age 3, 928 mm FL at age 4 and 1,061 mm
FL at age 5 (Howell et al. 1985). Females averaged 719 mm FL at
age 3, 862 mm FL at age 4, and 947 mm FL at age 5 (Howell et
al. 1985). Lyons Ferry fall Chinook males averaged 343 mm FL
at age 2, 567 mm FL at age 3, 721 mm FL at age 4, 854 mm FL at
age 5, and 925 mm FL at age 6. Females averaged 635 mm FL at
age 3, 756 mm FL at age 4, 842 mm FL at age 5 and 849 mm FL
at age 6 (Mendel et al. 1995, 1996; Wargo et al. 1999; Milks et al.
2003, 2005, 2006).
Spring (stream type) Chinook tend to be smaller than summer or fall type Chinook of the same age because they spend
fewer months feeding in the ocean. Chinook salmon stop feeding when they return to freshwater.
In Lake Chelan, Chelan County, a land-locked Chinook population grew to lengths of 258–330 mm TL at age 1+, 349–480 mm TL
at age 2+, 390–693 mm at age 3+, and 435–655 at age 4+ (Brown
1984). The largest Chinook in Lake Chelan measured 730 mm TL.
The heaviest Chinook in Lake Chelan weighed 3.6 kg (8 lbs). Lake
Chelan has been categorized as an ultra oligotrophic lake, which
is why Chinook that occur the lake are so small in comparison to
anadromous populations. Moreover, the size of Chinook in Lake
Chelan depends on the density of kokanee in the lake. Kokanee
is one of the principle prey items in the diet of Chinook in Lake
Chelan. In years when kokanee density was high, Chinook growth
was relatively high. In years, when kokanee density was low,
Chinook growth was relatively low (Brown 1984; Hagen 1997; Duke
Engineering 2000).

Atlantic salmon
No information is available about age, growth, or reproduction of
Atlantic salmon in eastern Washington. Lifespan of both anadromous and landlocked populations is typically about 8–9 years
(maximum = 14 years) (Everhart 1961; McAfee 1966; Scott and
Crossman 1973; Wydoski and Whitney 2003).
The type of Atlantic salmon most frequently stocked in eastern
Washington was a land locked variety from Sebago Lake, Maine.
Total length of landlocked Atlantic salmon in Maine averaged
about 100 mm (3.9 in) at age 1, 244 mm (9.6 in) at age 2, 300 mm
(11.8 in) at age 3, 373 mm (14.7 in) at age 4, 419 mm (16.5 in) at
age 5, 467 mm (18.4 in) at age 6, 571 mm (22.5 in) at age 7, and
640 mm (25.2 in) at age 8. Maximum weight attained by Sebago
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salmon was 16.1 kg (35.5 lbs), although weights of reproductively
mature individuals were more typically between 1–3 kg (2.2–6.6
lbs) (Kendall 1935). Sea run fish usually grow to a larger size than
those that spend their entire lives in freshwater. The largest anadromous Atlantic salmon reported weighed 46.8 kg (103 lbs) from
Europe and 24.9 kg (55 lbs) from North America (Carlander 1969).
Maximum length appears to be about 1,400 mm (53.2 in). Sea run
Atlantic salmon returning to home rivers in North America typically ranged from 2.5–9.0 kg (5–20 lbs) (Scott and Crossman 1973).
In Washington state, angling records for Atlantic salmon were
4.4 kg (8.96 lbs) for a landlocked fish in freshwater (from Goat
Lake, Jefferson County in 1992) and 6.5 kg (14.38 lbs) for an anadromous fish that had escaped from a net pen in Puget Sound and
migrated into the Green River, King County, in 1999.
Smolt transformation usually occurs at age 1.5 but may be delayed until 2.5 or 3.5 years in slow growing populations. Metcalf
and Thorpe (1990) examined the age of smolt transformation
in 182 rivers over the geographic range of Atlantic salmon. They
found that the age of smoltification was positively correlated with
increasing latitude. Atlantic salmon underwent smolt transformation at older ages with increasing latitude. Smoltification was also
associated with differences in annual temperature and photoperiod. The colder water temperatures and shorter growing seasons
in rivers at higher latitudes reduced opportunities for growth, so
fish didn’t attain sufficient size to smolt until after 2.5–3.5 years
of freshwater residence. Warmer temperature and longer growing seasons in rivers at southern latitudes increased opportunities
for growth, so fish usually attained sufficient size to smolt after 1.5
years. Atlantic salmon spend variable amounts of time at sea or
in the lake before returning to spawn in the fall. Atlantic salmon
that become sexually mature after 1 year at sea are called grilse. A
high proportion of grilse (usually about 60–70%) are males. Most
Atlantic salmon become sexually mature after spending 2–3 years
at sea or in a lake, but some do not spawn until they have spent 4
or more years in the ocean.
Fecundity varied from about 2,000 to 15,000 eggs/female, with
higher counts in larger individuals (Svärdson 1949; Pope et al. 1961;
Thorpe et al. 1984). Eggs incubate in the gravel and hatch in 88 days
at 5.6°C (42°F), 110 days at 3.9°C (39°F) and 191 days at 0.6°C (33°F)
(Scott and Crossman 1973; Wydoski and Whitney 2003).
Females invest about six times more energy than males in production of gametes (Fleming 1997). Fecundity of Atlantic salmon (n = 111)
averaged (ranged) 6,284 (1,622–14,499) eggs per female in fish that
averaged (ranged) 702 mm (545–910 mm) FL (Thorpe et al. 1984). Egg
number increased linearly with fish length. For example, age 1+ females (n = 66) that averaged (±SE) 635 (±50) mm FL produced 4,824
(±162) eggs and age 2+ females (n = 38) that averaged 819 (±80) mm
FL produced 8,820 (±391) eggs (Thorpe et al. 1994). Similar findings
were reported by Svärdson (1949) and Pope et al. (1961).
Atlantic salmon migrate back to the vicinity of their home
river during spring and summer prior to spawning in October or
November. They often stage in the estuary of their home river for
several weeks or months before entering the river. During this period secondary sexual characters begin to develop. For example,
males developed hooked lower jaws (or kypes).
Atlantic salmon spawning behavior was described by Scott and
Crossman (1973), Gaudemar and Beall (1999) and Gaudemar et al.
(2000) and is similar to that described for Pacific salmon. A female digs a redd by turning over on her side and using powerful

thrusts of her tail to excavate a depression in gravel substrate. She
pairs off with a male who drives intruders away and they conduct
a ritualized courtship. After the spawning act the female covers the
eggs with gravel to a depth of 7.5–15.0 cm (Gaudemar et al. 2000).
Atlantic salmon redds cover a surface area of 2.3–5.7 m². A female
may construct as many as 7–11 redds over a 5–7 day period and
spawn with different males on each redd (Gaudemar et al. 2000).
Unlike the semelparous life cycle of Pacific salmon, where sexually mature fish invariably die after they spawn, Atlantic salmon
have an iteroparous life cycle and do not always die after they
spawn. About 1–25% of the fish in any given stock will survive the
experience and spawn a second time or third time. Females are
more prone than males to spawn a second or third time. Atlantic
salmon that survive spawning are called kelts (recognized by their
emaciated appearance).
Some male Atlantic salmon in anadromous populations become sexually mature as parr and never leave freshwater. Other
males become sexually mature after 3–6 months at sea and return
to their home stream as “jacks” in the same year that they migrated
downstream as smolts. These smaller types of males function as
“sneaker males,” hovering around mating pairs of larger fish, then
darting in when a female and her partner are releasing eggs and
sperm, and fertilizing a portion of her eggs. Developmental rates
of Atlantic salmon were heritable (Thorpe et al. 1983) and early
maturation was associated with a higher growth rate (Thorpe and
Morgan 1980), so it appears that the sneaker males represent a
bona fide life history strategy in Atlantic salmon (Fleming 1997).

Brown trout
Maximum lifespan of brown trout is 18 years (Moyle 1976), but
the oldest brown trout aged in Washington, from Sullivan Lake
(Pend Oreille County), was 11 years old (Nine and Scholz 2005).
This fish was 757 mm (29.8 in.) TL and weighed 4.5 kg (9.9 lbs).
Other large brown trout we have collected in eastern Washington
were a 841 mm (33.1 in.) TL, 5.9 kg (13.0 lb.) specimen collected in
the Spokane River Arm of Lake Roosevelt below Little Falls Dam
in 1989 (Peone et al. 1990) and a 718 mm (28.3 in.) TL, 3.9 kg (8.8
lb.) specimen collected in Chamokane Creek, a tributary of the
Spokane River in 1986. The Washington state angling record for
brown trout was a fish taken at Sullivan Lake in 1965 that measured 914 mm (36.0 in.) and weighed 9.9 kg (22.0 lb). The North
American angling record for brown trout was a fish taken in the
Little Red River, Arkansas in 1992 that weighed 18.3 kg (40.25 lb).
Growth of 18 populations of brown trout (n >1,494 individuals) in eastern Washington was estimated by back-calculating total
length at annulus formation from scales (Table 16.9). The data indicated that few brown trout in Washington survive past age 6 or
7 or attain large size. The mean back-calculated growth was: age 1
(105 mm), age 2 (177 mm), age 3 (285 mm), age 4 (333 mm), age 5
(424 mm), age 6 (483 mm), age 7 (507 mm), age 8 (544 mm), age 9
(621 mm), and age 10 (679 mm). Back-calculation data are somewhat biased because it was difficult to obtain scales from older,
larger brown trout that were preparing to spawn. Spawners apparently reabsorb minerals from their scales, which makes it difficult
to detect annulus marks.
Length, weight, and age at time of capture were determined
for 205 brown trout, 76–680 mm, collected in Chamokane Creek,
Stevens County (Uehara et al. 1988). The eight largest individuals
(>600 mm) in this sample could not be aged because scales were re-
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Table 16.9

Back-calculated total lengths (mm) of brown trout in eastern Washington.
Back-calculated TL (mm) at age

County

Location

n

1

2

3

4

5

6

7

Ferry

Kettle River¹

Ferry/Lincoln/Stevens

Lake Roosevelt², ³, ⁴, ⁵

Lincoln/Stevens

88

77

182

270

372

466

484

551

35

131

212

302

354

427

425

Little Falls Reservoir⁶

63

90

162

238

272

388

489

Pend Oreille

Boundary Reservoir⁷

6

85

195

321

380

Pend Oreille

Box Canyon Reservoir⁸

282

89

155

229

300

363

397

454

478

Pend Oreille

Box Canyon Reservoir⁹

6

92

151

223

273

Pend Oreille

Cee Cee Ah Creek⁸

323

97

126

182

246

Pend Oreille

Horseshoe Lake¹⁰

1

79

141

278

Pend Oreille

LeClerc Creek⁸

98

79

136

204

Pend Oreille

Ruby Creek⁸

43

78

125

183

Pend Oreille

Skookum Creek⁸

225

79

132

184

228

Pend Oreille

Sullivan Lake¹¹

8

102

142

183

235

294

372

437

Pend Oreille

Tacoma Creek⁸

132

93

164

212

Spokane

Clear Lake¹²

19

129

238

327

408

480

503

586

Spokane

Nine Mile Reservoir¹³

1

79

147

369

Spokane

Spokane River (Upper)¹⁴

63

114

196

249

318

Spokane

Spokane River, WA¹⁵

60

243

205

401

430

Idaho

Spokane River, ID¹⁵

44

185

207

381

528

502

Stevens

Chamokane Creek¹⁶

59

104

198

285

373

429

Stevens

Loon Lake¹⁷

9

208

280

419

539

Whitman

Rock Lake¹⁸

83

Average

256

8

9

10

544

621

679

511

621

679

345

175

266

335

390

463

110

176

2681

340

427

711

483

507

References: ¹McLellan and Vail (2005); ²McLellan et al. (2003); ³Lee et al. (2003, 2006); ⁴Scofield et al. (2004); ⁵Pavlik-Kunkel et al. (2005); ⁶Heaton (1992);
⁷McLellan (2001); ⁸Ashe and Scholz (1992); ⁹Skillingstad (1993); ¹⁰McLellan et al. (2005); ¹¹Nine and Scholz (2005); ¹²Moan and Scholz (2005); ¹³McLellan
(2002); ¹⁴Bailey and Saltes (1983); ¹⁵Davis and Horner (1997); ¹⁶Uehara et al. (1988); ¹⁷Scholz et al. (1988). Length at age data.; ¹⁸McLellan (2000).

generated. The largest fish measured 686 mm (27.0 in.) and weighed
3.2 kg (7.0 lb). For fish that could be aged, the sample size (n) average total length (TL) and average weight (wt) at each age were: age 0
(n = 60, TL = 100 mm, wt = 11 g), age 1 (n = 27, TL = 139 mm, wt = 32 g),
age 2 (n = 69, TL = 218 mm, wt = 117 g ), age 3 (n = 16, TL = 286 mm,
wt = 263 g), age 4 (n = 19, TL = 410 mm, wt = 683 g), age 5 (n = 6,
TL = 473 mm, wt = 1,076 g). At Sullivan Lake, Pend Oreille County,
average mean length and weight of brown trout at time of capture
(Nine and Scholz 2005) were: age 1 (n = 1, TL = 150 mm, wt = 29 g),
age 3 (n = 1, TL = 252 mm, wt = 436 g), age 4 (n = 2, TL = 345 mm,
wt = ND), age 6 (n = 2, TL = 430 mm, wt = 779 g), age 8 (n = 1,
TL = 645 mm, wt = 3.9 kg), age 11 (n = 1, TL = 757 mm, wt = 4.5 kg).
In Rock Lake, Whitman County, brown trout (n = 774) averaged (ranged) 329 (110–552) mm TL and 380 (6–1,413 g) in weight
(McLellan 2000). Growth of individual brown trout was strongly
affected by density dependent population regulation (Jenkins et al.
1999) and productivity of the habitat (McFadden and Cooper 1962).
Brown trout become sexually mature at age 1–4 (males) and age
2–5 (females). In Chamokane Creek, Stevens County, about 10%
of males become sexually mature at age 2, and all were mature by
age 4. About 10% of females were sexually mature at age 4 and all
were mature by age 5 (Scholz et al. 1988; Uehara et al. 1988). Age
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4 female brown trout (n = 5) in Chamokane Creek averaged 0.7 kg
weight, 415 mm TL and contained an average of 1,444 eggs. Age 5
female brown trout (n = 5) averaged 478 mm TL, 1.1 kg weight and
contained an average of 2,313 eggs. A 589 mm TL, 1.85 kg female
from Chamokane Creek that could not be aged because of resorption of her scales contained 4,031 eggs (Scholz et al. 1988). Carlander
(1969) compiled brown trout fecundity data from throughout North
America. He reported that fecundity averaged 380 eggs in 0.34 kg females (n = 99), 1,070 eggs in 0.62 kg females (n = 20) and 2,000 eggs
in 1.25 kg females (n = 8). Regression of fecundity (dependent variable) with body weight (independent variable) yielded a relationship
of 2,124 eggs per kg body weight (Rounsefell 1957). In the United
States, fecundity ranged from 144 eggs in a 178 mm (7 in.) female to
20,865 in a 826 mm (32.5 in.) female (Wydoski and Whitney 2003).
Brown trout spawn in October in eastern Washington when
water temperature drops below 6–10°C. They tend to spawn at the
tail end of pools at depths >0.5 m where spawning gravels are 5–30
mm in diameter. Spawning activity occurs during the day and is
similar to that of other species of salmonids (Jones and Ball 1954).
In Chamokane Creek, brown trout redds were not observed until mid-October and maximum the redd count (n = 140) did not
increase after the end of October (Barber et al. 1988). In other
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parts of the United States and Canada spawning may extend into
November or December (Scott and Crossman 1973; Moyle 1976;
Wydoski and Whitney 2003).
Females usually release about 250 eggs during a spawning act. After
spawning, she extends the redd upstream. Her cutting behavior extends the redd and buries the eggs she just laid. She repeats this behavior several times spawning with multiple male partners until all of her
eggs are released and buried in separate egg pockets within the redd. A
female may spawn with as many as eight different males (Petersen and
Jarvi 2001). Although males usually release milt when a spawning pair
quivers over a redd, female do not always release eggs. This behavior
was termed ‘false orgasm’ by Peterson and Jarvi (2001), who recorded
69 instances of it during 117 brown trout spawning events.
Eggs usually hatch in 7–8 weeks and alevins emerge from the
gravel about 3–6 weeks after hatching at 10°C (Becker 1983). In a
naturally reproducing population of brown trout in Chamokane
Creek, 87% of the eggs hatched (Scholz et al. 1988). Survival was
estimated at 10% during the first year of life and 50% for fish ages 2
or older (Scholz et al. 1988).

Tiger trout
Tiger trout are produced by crossing a female brown trout with
a male brook trout. The hybrid is sterile. Tiger trout grow rather
quickly, since they don’t put any energy into gamete production,
but instead partition all of it into somatic growth. For example, Fish
Lake, Spokane County, was stocked with tiger trout fry in 2002. By
the end of their first year in the lake (2002, at age 1) they grew to an
average of 227 mm TL (8.9 in) and 112 g (0.2 lb) (n = 22). In 2003, at
age 2 they measured 358 mm TL (14.1 in.) and weighed 422 g (0.68
lb) (n = 12). In 2004, at age 3, they measured to 514 mm TL (20.2 in)
and weighed 1,267 g (2.0 lb) (n = 3) (Chris Donley, WDFW, Spokane,
WA, pers. comm).
Mean length and weight (±SD) of tiger trout inhabiting Fish
Lake, Spokane County, in 2006 was 144 (±15) mm TL and 26
(±12) g at age 0+ (n = 33), 219 ±13 mm TL and 162 ±42 g at age 1+
(n = 124), 305 (±10) mm TL and 307 (±78) g at age 2+ (n = 119), and
369 (±16) mm TL and 746 g at age 3+ (n = 4) (Miller 2010).
Mean length and weight (SD) of tiger trout inhabiting Black
Lake, Stevens County, in 2006 was 143 (±22) mm TL and 18
(±2) g at age 0 (n = 5), 225 (±24) mm TL and 13 (±18) g at age 1+
(n = 81), 292 (±21) mm TL and 232 (±60) g at age 2+ (n = 109), 378
(±33) mm TL and 513 (±117) g at age 3+ (n = 22), and 467 mm TL and
786 g at age 4 (n = 1) (Miller 2010).
Back-calculated total lengths of 510 tiger trout, at annulus formation on scales, from four eastern Washington lakes is recorded
in Table 16.10. These fish averaged 204 mm TL at age 1, 328 mm
TL at age 2, 370 mm TL at age 3, and 467 mm TL at age 4. Tiger
trout can attain large size. A large tiger trout, captured in Lenice
Lake, Grant County, on July 6, 2006, weighed 3.9 kg (6.26 lb). The
Washington state record tiger trout, weighing 15.04lbs, was taken
on April 11, 2012 in Roses Lake, Chelan County.

Bull trout
Fluvial and adfluvial bull trout become sexually mature at ages 5–6
(400–500 mm TL) and typically live 9–11 years (Bjornn 1961; Fraley
and Shepard 1989; McPhail and Baxter 1996). Fluvial adults attain
maximum lengths of about 400–600 mm. Adfluvial adults attain
maximum lengths of about 700–1000 mm (Goetz 1989; Brown 1994;

Table 16.10

Back-calculated total lengths (mm) of tiger trout
from four eastern Washington lakes
Back-calculated TL
(mm) at age

County

Location

n

1

2

3

Spokane

Fish Lake¹

280

219

305

369

Spokane

Medical Lake¹

4

179

389

Stevens

Black Lake¹

218

225

292

371

467

Pend Oreille

Sullivan Lake¹

329

370

467

Average

8

200

510

206

4

References: ¹Miller (2010).

McPhail and Baxter 1996). Resident bull trout become sexually mature
at ages 3 or 4 and attain maximum lengths of 200–300 mm.
The largest recorded (world and Idaho state record) bull trout,
taken from Pend Oreille Lake, Idaho in 1949, measured 1,000 mm
(39.4 in) TL and weighed 14.5 kg (32 lbs) (Goetz 1989). The
Washington state record bull trout, caught in the Tieton River,
Yakima County, on 23 April 1961, weighed 10.2 kg (22.5 lbs). The
largest bull trout that I have caught in Lake Roosevelt measured
800 mm (31.7 in) TL and weighed 5.8 kg (12.8 lbs). The largest bull
trout I have collected in the Pend Oreille River, Idaho, just below
Albeni Falls Dam measured 678 mm (26.7 in) TL and weighed
3.0 kg (6.6 lbs). Adfluvial bull trout in the Yakima River basin attained maximum total lengths of 870 mm (34.5 in) (James 2002).
Growth rates of bull trout (back-calculated from annular growth
rings on scales) from 15 locations in the Columbia River Basin is
presented in Table 16.11 . Mean length was 76 mm (age 1), 124 mm
(age 2), 199 mm (age 3), 282 mm (age 4), 358 mm (age 5), 529 mm
(age 6), 489 mm (age 7), 484 mm (age 8), and 549 mm (age 9).
This represents a mix of resident, fluvial, and adfluvial bull trout.
Fecundity of 28 adfluvial female bull trout (455–723 mm TL
and 0.7–3.3 kg) collected from tributaries of the Clark Fork River,
Montana ranged from 1,337–7,382 eggs (Branson 1952). An average of 962 ± 114 eggs (range 795–1,210) eggs were produced per
pound of body weight (Branson 1952).
Fecundity of 32 adfluvial females from the upper Flathead
River, Montana with a mean TL of 645 mm averaged 5,482 eggs/
female (Fraley and Shepard 1989). Fecundity of resident and
fluvial bull trout collected from three streams (Tucannon River,
Mill Creek and Wolf Fork of the Touchet River) in southeastern
Washington, with mean total lengths of 270–620 mm, ranged
from 380–3,058 eggs/female (Martin 1992; Martin et al. 1992).
Bull trout are iteroparous and may spawn annually or every other
year, depending on the productivity of their environment for providing surplus energy for gametogenesis. Mackenzie Creek, tributary of the Arrow Lakes (Columbia River), British Columbia, fecundity of females with a mean (range) of 470 (409–505) mm TL
averaged (ranged) 1,442 (1,340–1,607) eggs per female (McPhail
and Murray 1979; McPhail and Baxter 1996).
In Trestle Creek, a tributary to Lake Pend Oreille, Idaho, annual repeaat spawning was more common than alternate year
spawning (Downs et al. 2006). Based on otoliths, most of the
adults had first migrated out of Trestle Creek at age 3 or age 4.
Age 0 migrants left Trestle Creek in two pulses, the first during
spring runoff, the ssecond in the autumn as stream temperatures
dropped and fall rains began. Age 0 migrants did not mkae a

A. T. Scholz

1099

Chapter 16

Table 16.11

Back-calculated total lengths (mm) bull trout in Columbia River Basin.
Back-calculated TL (mm) at age

County/
State

Location

Columbia

n

1

2

3

4

Touchet River (Wolf Fork)¹, ²

7

8

9

10

11

12

36

130

163

260

410

Columbia

Touchet River (Wolf Fork)³ ⁴

20

88

136

192

Columbia

Tucannon River¹, ²

12

118

170

247

Columbia

Tucannon River³ ⁴

20

66

105

150

247

Okanogan

Early Winters Creek⁵

78

53

90

116

136

175

198

201

186

210

189

205

Okanogan

Methow River⁵

41

51

82

Okanogan

Wolf Creek⁵

44

58

87

188

223

207

168

200

230

Walla Walla

Mill Creek¹ ²

19

83

135

198

304

373

530

Walla Walla

Mill Creek³ ⁴

26

96

139

196

241

303

347

Idaho

Pend Oreille Lake⁶

NR

Idaho

Priest Lake⁶

NR

91

164

272

403

497

578

71

114

183

310

424

516

605

Idaho

Priest Lake (Upper)⁶

NR

66

121

204

292

384

472

567

Montana

Flathead Lake⁷

931

68

129

204

291

384

472

566

658

731

Montana

Flathead River (Main Stem)⁷

1,813

66

121

196

292

385

475

566

657

731

Montana

Flathead River (Middle Fork)⁷

349

52

100

165

297

399

488

567

655

Montana

Flathead River (North Fork)⁷

533

73

117

165

301

440

538

574

Montana

Hungry Horse Reservoir⁸

NR

72

144

225

324

429

513

594

Montana

Lake Koocanusa⁹

NR

67

123

212

304

390

482

594

76

124

199

282

358

492

489

210

189

205

Average

,

,

,

,

5

6

13

250

600

484

549

References: ¹Martin (1992); ²Martin et al. (1992); ³Underwood et al. (1994); ⁴Underwood (1996); ⁵Williams and Mullan (1992) Length at age data;
⁶Bjornn (1961); ⁷Fraley and Shepard (1989); ⁸Huston (1974); ⁹Elle and Lamansky (1994).

Figure 16.5

Bull trout (male) in spawning coloration.

significant contribution to the adult returns (Downs st al. 2007),
suggesting that they were subject to considerable predation after
entering Lake Pend Oreille.
Spawning of bull trout was described by Needham and Vaughn
(1952), McPhail and Murray (1979), Fraley and Shepard (1989) and
Kitano et al. (1994). Throughout their range bull trout construct
redds in gravel substrate in proximity to areas of cold (9°C) upwelling groundwater and presence of cover (Needham and Vaughan 1952;
Fraley and Shepard 1989; Martin et al. 1992; Goetz 1994; Underwood
et al. 1995; McPhail and Baxter 1996; James and Sexauer 1997) These
requirements restrict the number of spawning sites within a stream.
For example, in the Flathead Basin, Montana only about 27% of the
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basin had hyporeic discharge and cover, and this was where all of the
bull trout spawned (Fraley and Shepard 1989).
Bull trout spawning in southeastern Washington streams was
described by Martin et al. (1992). Most redds were constructed at
depths of 0.25–0.35 m below the surface, in gravel substrate, either
where hyporeic water bubbled to the surface or where the mouth of
a tributary entered a main river. Spawning commenced when water
temperatures dropped below 9°C. Spawning males developed a kype
on the lower jaw and brilliant orange/red stripes along their sides
and bellies. The spots on their flanks turned vivid hues of crimson
in haloes of lavender. Their pelvic and anal fins became tri-colored
with white leading edges, bordered by contrasting black or gray bars
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Table 16.12

Back-calculated total lengths or length at age(mm) of brook trout in eastern Washington.
Back-calculated TL (mm) at age

County

Location

n

1

2

3

4

5

6

7

Ferry
Ferry

North Twin Lake¹

NR

81

157

183

287

South Twin Lake¹

NR

51

97

165

254

259

292

338

Ferry/Lincoln/Stevens

Lake Roosevelt² ³ ⁴

21

166

243

Lincoln/Stevens

Spokane River (Little Falls Dam)⁵

8

137

238

333

Okanogan

Beaver Creek (Middle Fork)⁶

73

39

74

Okanogan

Beaker Creek (South Fork)⁶

50

63

113

101

124

150

172

141

176

Okanogan

Big Goose Lake¹

NR

36

79

155

203

226

Okanogan

Buffalo Lake¹

NR

58

124

206

254

287

388

Okanogan

Cub Creek⁶

Okanogan

Early Winters Creek⁶

94

39

74

101

124

150

172

69

50

90

116

136

175

198

Okanogan

Gold Lake¹

NR

74

140

191

211

Okanogan

Owhi Lake¹

NR

84

180

254

294

353

Okanogan

War Creek⁶

10

46

91

170

196

206

Pend Oreille

Cee Cee Ah Creek⁷

384

87

131

174

Pend Oreille

LeClerc Creek⁷

285

81

134

195

Pend Oreille

Ruby Creek⁷

115

84

134

169

Pend Oreille

Skookum Creek⁷

323

81

121

170

Pend Oreille

Tacoma Creek⁷

180

78

123

198

Spokane

Marshall Creek⁵

157

97

163

206

284

318

Spokane

Spokane River WA/ID⁸

63

114

196

209

318

Stevens

Chamokane Creek⁵

39

104

171

233

309

383

79

137

184

226

251

, ,

Average

8

9

188

195

188

195

188

195

201

231

242

270

References: ¹Thiesen and Bond (1965); ²McLellan et al. (2003); ³Lee et al. (2003); ⁴Scofield et al. (2004); ⁵Scholz, pers. obs; ⁶Williams and Mullan (1992)
Length at age data; ⁷Ashe and Scholz (1992); ⁸Bailey and Saltes (1983).

and bright orange trailing edges (Figure 16.5). Females usually did
not develop kypes or such conspicuous nuptial coloration.
Eggs hatched in 113 days and swim-up fry emerged from the gravel
after 223 days at temperatures of 1.2–5.4°C (Fraley and Shepard 1989).
Eggs hatched in 51 days at 10°C (McPhail and Murray 1979).
Newly emerged fry ranged from 17–28 mm TL. Fry took up residence in low velocity (<16 cm/s) side channels or pools under large
woody debris or in crevices of large rocks (Sexauer 1994; Goetz
1994; McPhail and Baxter 1996). Adult bull trout occupy pools with
large woody debris, undercut banks, and overhanging vegetative
cover (Martin et al. 1992; Rieman and McIntyre 1993; Underwood
et al. 1995; Rieman et al. 1997; Dunham and Rieman 1999).

Brook trout
Maximum lifespan of brook trout is 8 years, but they seldom live
past age 4 or 5 (Scott and Crossman 1973; Wydoski and Whitney
2003). Validation of the use of scales for age determination and
back-calculating growth of brook trout was described by Cooper
(1951, 1952). Brook trout laid down their scales when they reached
a length of 35–42 mm, which was well before the end of the first
growing season in the populations he examined in Michigan.
Moreover, marked fish of known age laid down a recognizable an-

nulus each year over the three year period in which the study was
conducted.
Kozel and Hubert (1987) cautioned that aging and back-calculating growth of brook trout from scales was problematic when
brook trout are collected from high elevation lakes or creeks
(>2,750–3,200 m above mean sea level). Their fish were collected
from creeks in the Snowy Range of the Rocky Mountains in southeastern Wyoming. They aged individual fish using both scales and
otoliths. Otoliths yielded an older age (usually by 1–2 years but up
to a maximum of 4 years) than scales taken from the same individual. Maximum age determined by scales was 5 whereas maximum age determined by otoliths was 8 or 9. (Only a few of the fish
were 8 or 9, the majority of the fish aged using otoliths were 6 or
7). Agreement on ages made by independent readers was poor for
both scales and otoliths, indicating that neither structure produced
reliable age estimates, so it was uncertain which structure provided
the most accurate estimate of age. Interestingly, back-calculated
lengths at age were comparable between scales and otoliths because
no growth was detected beyond age 4 on otoliths (Kozel and Hubert
1987). Collectively, these studies indicated that scales were useful
for aging and back-calculating growth of brook trout provided that
the population is not residing in a high elevation stream (>2500 m).
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The mean back-calculated total lengths of brook trout from 21
locations in eastern Washington was 79 mm (age 1), 137 mm (age 2),
184 mm (age 3), 226 mm (age 4), and 251 mm (age 5) (Table 16.12).
Each location was <2500 US m in elevation. It is uncommon for
brook trout in eastern Washington to attain lengths greater than
356–406 mm (14.0–16.0 in) and one greater than 457 mm (18 in) is
exceptional. The largest brook trout that I have collected in eastern
Washington was from Deer Lake, Stevens County (533 mm or 21.9
in) in 1985 (Scholz et al. 1988). At Lake Roosevelt, EWU collected
369 brook trout between 1998 and 2006, ranging from 73–476 mm
(2.9–18.7 in) TL (McLellan et al. 1999, 2000, 2001, 2004, 2005, 2006,
2007; McLellan and Scholz 2001, 2002, 2003). The second largest
fish in these samples measured 430 mm (16.0 in). At Deer Lake,
EWU (Scholz et al. 1988) and WDFW (Divens 2002, McLellan et al.
2007) collected 8, 67, and 3 brook trout in 1985, 2000, and 2005 respectively that ranged from 167–533 mm (6.6–21.9 in). The second
largest fish in these samples measured 462 mm (18.2 in). The third
largest fish measured 422 mm (16.6 in).
At most other locations brook trout did not attain such large
size. For example, McLellan (2002, 2003, and 2004) sampled 291
sites in the Little Spokane River and its tributaries in Pend Oreille,
Spokane, and Stevens counties and collected 6,655 brook trout
ranging from 32–296 mm TL. Ashe and Scholz (1992) sampled 1,287
brook trout from five tributaries of the Pend Oreille River, ranging from 41–234 mm TL. Over a 25 year period from 1980–2004,
EWU examined approximately 9,250 brook trout in Marshall Creek,
tributary of Latah (Hangman) Creek, Spokane County The largest
fish measured 371 mm (14.6 in) TL and only 10 of these fish exceeded 254 mm (10.0 in) TL. McLellan (2005) sampled 10 sites on
Marshall Creek in 2004 and collected 1,369 brook trout ranging
from 32–251 mm TL.
In tributaries of the Methow River, male brook trout matured at
ages 2–4 and female brook trout matured at ages 3–5 (Williams and
Mullan 1992). Brook trout are iteroparous. Fecundity varied from
100 eggs in a female 144 mm (5.7 in) TL to 6,811 eggs in a female
565 mm (20.5 in) TL (Vladykov 1956; Wydoski and Cooper 1966;
Scott and Crossman 1973).
Brook trout are fall spawners. I have observed brook trout spawning in late October in Chamokane Creek, Stevens County, and in
late November in Marshall Creek, Spokane County, Brook trout females constructed redds similar to other salmonids, but were not so
particular about limiting spawning activity to areas where there was
clean gravel substrate. They typically spawned in gravel substrate,
but sometimes dug redds in areas where gravel was interbedded with
organic detritus and sand in both Chamokane and Marshall creeks.
Their digging activities displaced the fine particles downstream. In Marshall Creek, brook trout have spawned in the same
50 m long reach every year during Thanksgiving weekend from
1980 to 2011. Males in Marshall Creek were usually ripe by early
October, but most females were not ripe until early November.
Courtship and redd digging occurred throughout the daylight
hours, but spawning and fertilization events peaked in late afternoon from about 1400–1630 PST. Brook trout also spawn in
streams or shorelines of lakes in areas of upwelling groundwater.
Eggs hatch into alevins with yolk sacs. Time to hatch depended
upon incubation temperature: 144 days at 2°C (35°F), 100 days at
5°C (41°F), 75 days at 6.1°C (43°F) and 50 days at 10°C (50°F) (Scott
and Crossman 1973; Becker 1983; Wydoski and Whitney 2003). The
alevins remained under the gravel until their yolk sacs were ab1102

sorbed (generally about 6–8 weeks). Newly emerged brook trout
fry are about 20 mm TL. Survival from the egg stage to 9 month old
fingerling stage ranged from 1–2% (Brasch et al. 1973).

Lake trout
Marshall and Keleher (1970) and Marshall et al. (1990) compiled bibliographies on the lake trout, encompassing the period 1929 to 1990.
Maximum lifespan of lake trout is 41 years. This individual was
from a slow growing population in the Canadian Arctic. A more typical lifespan appears to be about 12–23 years. The oldest lake trout reported in Washington and north Idaho lakes ranged from 8–21 years.
Lake trout can attain large size. The largest lake trout ever recorded, taken by a commercial fisherman in Lake Athabasca,
Saskatchewan in 1961, measured 1,260 mm (49.5 in.) TL and weighed
46.4 kg (102 lbs). The Washington State angling record, caught in
Lake Chelan, Chelan County, in 2001, weighed 16.1 kg (35.44 lbs).
Back-calculated growth of lake trout from selected locations in
Washington and Idaho is shown in Table 16.13.
Prior to the record, two other state record lake trout were caught at
Lake Chelan in May 1999 (14.2 kg or 31.2 lbs) and August 2001 (15.2 kg or
33.4 lbs). Previous to those records a 13.8 kg (30.25 lbs) lake trout caught
in Loon Lake, Stevens County, held the state record for many years.
Length and weight of lake trout at particular ages were recorded
in Priest Lake, Idaho (Bjornn 1957) and Bead, Deer and Loon lakes,
Washington (Scholz et al. 1988; Rader 2005) (Table 16.14). These
weights and lengths better reflect the typical growth of lake trout in
Washington and Idaho than the state angling records.
Male lake trout become sexually mature when they attain a length
of about 520 mm TL at age 4–7 and female lake trout became sexually
mature when they attain a length of about 595 mm TL (at age 5–7)
(Eschmeyer 1955, 1956, 1957). Lake trout are iteroparous. Males generally outnumber females on spawning grounds by as much as 2:1, even
though the total number of males and females in the entire population (spawning + non-spawning) was about equal (Van Oosten and
Eschmeyer 1956). These data may indicate that males spawn annually
after reaching sexual maturity whereas some females may require a
refractory period before spawning again. It may take longer time for
females to produce and mature eggs than for males to produce sperm.
Fecundity of female lake trout (n = 70) in Lake Superior, ranging from 638–965 mm (25.1–38.0 in) TL and 2.6–8.9 kg (5.8–
19.6 lbs) in weight, ranged from 2,476 to 17,119 eggs (Eschmeyer
1955). Fecundity was directly proportional to length and weight.
About 880 to 2,650 eggs were produced per kg (400–1,200 eggs/lb).
Reproductive behavior of lake trout was described by Royce
(1951), Eschmeyer (1955, 1957), Gunn (1995) and Marsden and Jansen
(1997). Spawning usually occurred in November and December. Lake
trout typically spawn in lakes, either along the shoreline over coarse
gravel and rubble substrate, where wave action and long shore currents prevent sediment accumulation (Gunn 1995), or in deeper water
over honeycombed limestone or dolomite reefs (Eschmeyer 1957).
Lake trout spawn at depths ranging from about 0.3–30 m (1–100 ft)
but usually at depth of ≤10 m (30 ft) (Marsden and Janssen 1997).
Males usually precede females in congregating at spawning
grounds. Unlike other charr or trout, lake trout males neither defend a territory nor develop strong secondary sexual characteristics. Also unlike other charr or trout, both sexes may develop pearl
organs (spawning tubercles) around their vents. Lake trout are
broadcast spawners. They don’t construct redds, although they do
work cooperatively to cruise over the bottom and clear the nuptial
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864
868
855
841
810
749
788
755
701
600
498
421
327
258
145

902

Average

Loon Lake⁶
Stevens

14

206

302

363

419

495

648

704

749

851

536
570
Deer Lake⁶
Stevens

23

151

324

356

384

405

471

752
702
627
393

510
415

292
199

297
121

112

Horseshoe Lake⁵
Pend Oreille

2

Boundary Reservoir⁴
Pend Oreille

2

711

711

748
686
716
770
667
578
492
427
352
279
207
138
Bead Lake³
Pend Oreille

49

1092
991
914
825
648
470
330
216
140
102
Priest Lake²
Idaho

References: ¹Ned Horner, IDFG, pers. comm. Length at age data.; ²Bjornn (1957); ³Rader (2006); Rader et al. (2006); ⁴McLellan (2001); ⁵McLellan et al. (2005); ⁶ Scholz et al. (1983), length at age data.

20
19
18

864
868

16
15

855
841

14
13

810
749

12
11

736
690

10
9

656
614

8
7

557
464

6
5
4
3

255

2
1
Pend Oreille Lake¹
Idaho

n
Location
County

Back-calculated TL (mm) at age

Back-calculated total lengths (mm) of lake trout in eastern Washington and North Idaho.
Table 16.13
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Food Habits
Salmonid fishes are omnivores that prey opportunistically on
whatever organisms are numerically abundant in the environment.
Salmoninae are equipped with many different kinds of teeth that
are used to capture and subdue prey. Not only do they have teeth
in their lower jaws (mandibular teeth) and upper jaws (maxillary
teeth), but also on the palatine bones (palatine teeth) and vomer
(vomerine teeth) on the roof of the mouth, on the tongue (lingual
teeth) and, in some species, on the hyoid bone (hyoid or basibranchial teeth) at the base of (i.e., behind and underneath) the tongue,
between the anterior gill arches.
Many species of salmoninae have gill rakers (in addition to gill
filaments) on the gill arches that act as ‘filter baskets’ to strain zooplankton out of the water that is being pumped through the gills. The
spacing between the gill rakers dictates the size of the organisms that
are filtered. For example, brown trout, which have relatively short,
stubby gill rakers spaced far apart (n = 14−17 gill rakers on 1st gill
arch; gap >1 mm) are not effective at cropping zooplankton (Figure
16.6). In contrast, rainbow trout which have relatively long gill rakers spaced closer together (n = 16−22 gill rakers on 1st gill arch gap;
~1.0 mm) can effectively crop large sized cladocerans (e.g. Daphnia)
that are ≥1.0 mm (Figure 16.6). Small-sized cladoceran species (e.g.
Bosmina, Ceriodaphnia, Chydorus) and copepods that are typically
<1.0 mm pass through the spaces between the gill rakers. Kokanee
salmon, which have gill rakers that are even longer and more closely
spaced together (n = 31−44) gill rakers on 1st gill arch; gap <1.0 mm)
than rainbow trout can crop small-sized cladocerans and copepods
more effectively than rainbow trout (Figure 16.6).
Small, stream-dwelling salmonids tend to prey on benthic
macroinvertebrates, especially the larval or pupal stages of aquatic
insects. They may feed off the bottom (where many insects are attached to rocks) or on the drift (which includes aquatic insects that
have become detached from their substrate or terrestrial insects
blown into the water). Small, lake-dwelling salmoninae tend to
prey on zooplankton. As they become older, the large-sized individuals in both streams and lakes often begin to consume fish.
Subtle differences in dentition and arrangement of gill rakers
allows salmonid species that coevolved together to effectively partition food resources and reduce competition where they occur in
sympatry. For example, where two species occur in the same stream,
one may eat mainly bottom dwelling insects, the other mainly drifting insects, or they may target different types of insects. Where two
species occur in the same lake, one species may specialize on zooplankton, the other on aquatic insects. For example, adfluvial cutthroat trout and kokanee salmon have overlapped at Sullivan Lake,
Pend Oreille County, Washington, for over 100 years. Both species
spawn in Harvey Creek (the lake’s main inlet) and migrate to the
lake. Kokanee migrate to the lake immediately after swimming up

955

arena of debris and algae slime by fanning with their tails. Lake
trout are polygamous. One female may spawn simultaneously with
several males or several females and males may spawn together.
No attempt is made to bury the eggs, which sink into crevices and
incubate 4–5 months before hatching. The parents exhibit no parental care and leave the spawning site soon after spawning.
After hatching, the alevins remain hidden in the rubble for several weeks, until their yolk sac is absorbed. The fry then swim to
the surface, inflate their swim bladders. They are usually displaced
off the reef and move into deep water at this time.
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Table 16.14

Mean length (mm) and weight (kg) at age of lake trout in lakes of eastern Washington. Data from Bjornn (1957) at Priest
Lake, Radar (2006) at Bead Lake, and Scholz et al. (1988) at Deer and Loon lakes.
Priest Lake, ID
Age

Bead Lake, WA

Loon Lake, WA

n

TL
(mm)

wt
(kg)

n

TL
(mm)

wt
(kg)

n

TL
(mm)

wt
(kg)

n

TL
(mm)

wt
(kg)

1+

NR

102

< 0.5

-

-

-

2

324

0.4

-

-

-

2+

NR

140

< 0.5

-

-

-

1

356

-

-

-

-

3+

NR

216

< 0.5

-

-

-

2

384

0.4

1

419

-

4+

NR

330

0.5

-

-

-

1

405

0.5

1

495

-

5+

NR

470

1.0

8

431

0.6

1

471

0.9

1

648

2.8

6+

NR

648

4.1

10

546

1.8

-

-

-

-

-

-

7+

NR

825

8.2

6

575

1.8

-

-

-

6

750

4.1

8+

NR

914

9.7

6

634

2.8

3

570

2.2

2

850

6.2

9+

NR

991

13.9

14

802

5.4

4

536

1.3

2

902

8.3

10+

NR

1,092

17.7

1

870

7.8

-

-

-

1

952

8.3

11+

-

-

-

-

-

-

-

-

-

-

-

-

12+

-

-

-

1

790

9.5

-

-

-

-

-

-

out of the gravel. Cutthroat remain in the Harvey Creek for one
to two years before migrating to the lake. Thus, the juvenile stages
are spatially isolated, with age 0 cutthroat consuming aquatic insects in Harvey Creek and age 0 kokanee consuming zooplankton
in Sullivan Lake. In the lake, subadult and adult cutthroat trout ate
predominantly aquatic insects whereas subadult and adult kokanee
ate predominantly zooplankton (Nine 2005).
Salmonids tend to be distributed in recently glaciated areas,
characterized by cold, nutrient poor water. This has placed a premium on flexibility and adaptability with respect to salmonid
feeding behavior. For example, many glacially formed lakes are
extremely oligotrophic. The absence of nutrients limits primary
(phytoplankton and periphyton) production, which favors establishment of small-sized zooplankton and limits benthic insect production. Such lakes are not conducive to production of
planktivorous salmonids except for kokanee or some whitefishes
that have closely spaced gill rakers that can strain small zooplankton. In some lakes, especially those above barrier falls that block
migration of anadromous salmonids, the salmonid population
is characterized by planktivorous kokanee and a large salmonid
predator that preys on them. A good, example is Kootenay Lake
British Columbia where a large, adfluvial rainbow trout (locally
called Kamloops trout) dine on planktivorous kokanee. Another
common pairing is cutthroat trout, which eats aquatic insects, with
adfluvial bull trout that consume the cutthroat.
Oligotrophic salmonid lakes are often so unproductive that the
fish lower on the food chain (kokanee or cutthroat in the above examples) cannot obtain enough energy from foods (i.e., zooplankton
or aquatic insects) grown in the lake and must obtain part of their
caloric requirements from food produced outside of the lake, in the
form of terrestrial insects. For example, there are several instances
where both cutthroat and kokanee, that occupy deep, oligotrophic
lakes in eastern Washington and the Idaho panhandle, seasonally
devoured so many flying ants that ants contributed substantial
amounts to the total annual food intake based on weight percentage
of the diet, i.e., ants contributed substantively to the annual growth
and gamete production in these fish! Flying ants are also impor1104

Deer Lake, WA

tant in the diets of cutthroat trout that occur in small unproductive
headwater streams in eastern Washington and north Idaho.
Salmonids typically form a “search image” which causes them
to select certain types of prey. However, when another type of prey
becomes abundant, they can readily shut off the old search image
and turn on a new one to take advantage of the more abundant
prey species. Fly fishermen are aware of this behavioral plasticity
because they must select an appropriate fly pattern that will attract
trout. Figures 16.7, 16.8 and 16.9 illustrate some of the principle
items in the diet of Salmoninae in streams, freshwater lakes and in
estuaries/ocean environments respectively.

Cutthroat Trout
Coastal cutthroat trout
In freshwater, coastal cutthroat trout consumed aquatic insects
(e.g., mayflies, stoneflies, caddisflies, ants), earthworms, crayfish,
salmonid eggs, juvenile salmonids (rainbow trout, coho salmon
and especially sockeye salmon), smelt, sticklebacks, sculpin, sculpin eggs, salamanders and frogs (Idyll 1942; reviewed by Wydoski
and Whitney 2003). Coastal cutthroat exhibited a greater degree
of piscivory than interior cutthroat trout. About 50% of their diet
is comprised of insects and invertebrates, and the other 50% was
comprised of fish and an occasional amphibian. They are a major
predator of sockeye salmon at many locations in Washington and
British Columbia.
Sea-run coastal cutthroat trout (n = 17, ages 2–7), captured in
marine waters near the mouth of the Columbia River consumed
northern anchovy (Engraulis mordax), cabezon (Scorpaenichthys
marmoratus), Pacific sandlance (Ammodytes hexapterus), surf perch
(Embiotocidae), crab megalops larvae, and krill (Euphausiidae)
(Loch and Miller 1988).
Krill comprised the greatest numerical percentage of the diet
(76%) but accounted for only 2.5% by weight. Fish were only 10
percent by number but 89% by weight. Almost half the fish remains
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Figure 16.6

Comparison of gill rakers in three species of salmonids. A) Brown trout with short stubby, gill rakers are not well
adapted for feeding on zooplankton; B) Rainbow trout have longer gill rakers spaced about 1 mm apart that are adapted
for feeding on large size cladocera such as Daphnia; C) Kokanee salmon have long gill rakers spaced <1 mm apart that
are adapted for feeding on Cladocera or smaller-sized copepods; D) Cladocera (Daphnia spp.) ~1.7 mm; E) Rainbow
trout showing how gill rakers act as a sieve to trap Daphnia. All of the orange blobs are Daphnia; F) A cyclopoid copepod ~0.9 mm.
A. T. Scholz
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Some typical prey organisms consumed by salmonid fishes in freshwater streams: A) caddisfly larvae (aquatic)
(Trichoptera); B) caddisfly adult (terrestrial) Trichoptera; C) midge larvae (aquatic) (Diptera: Chironomidae); D) midge
(adult) (Diptera: Chironomidae); E) mayfly larvae (Ephemeroptera); F) Dytiscid beetle (Coleoptera: Dytiscidae); G)
stonefly larvae (Plecoptera); H) stonefly adult; I) water strider (Hemiptera: Gerridae); J) freshwater shrimp (Amphipoda:
Gammaridae); K) water boatman (Hemiptera: Corixidae). Original drawings by Carolyn Connley, EWU Biology
Department.
Fishes of Eastern Washington: A Natural History
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Figure 16.8

Some favorite prey organisms consumed by salmonid fishes in freshwater lakes: A) midge (Chironomidae); B) phantom
midge (Chaoboridae); C) cyclopoid copepod; D) calanoid copepod; E) cladocera Daphniidae Daphnia spp. (non-helmeted form); F) Daphnia spp. (helmeted form). Transformation of Daphnia from the non-helmeted form to the helmeted
form is caused by predation (either from Chaoboridae or fish); G) fairy shrimp (Anostraca); H) seed shrimp (Ostracoda:
Cypridae).Original drawings by Carolyn Connley, EWU Biology Department.
A. T. Scholz
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Favorite prey of salmonid fishes in estuarine/oceanic environments: A) arrow worm (Chaetognatha); B) krill (Crustacea:
Euphausiidae); C) crab zoea larvae (Crustacea: Decapoda); D) crab megalops larvae (Crustacea: Decapoda); E) squid
Loligo opalescens (Mollusca: Cephalopoda); F) flapping snail (Mollusca: Pteropoda); G) Pacific sandlance Ammodytes
hexapterus; H) eulachon (candlefish) Thaleichthys pacificus; I) Pacific herring Clupea pallasi. Drawings by Carolyn
Connley, EWU Bilogy Department, and Judy McMillan, EWU University Graphics..
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were northern anchovy. Other species of fish reported in sea-run
cutthroat diets included kelp greenling (Hexagrammos decagrammus), rock fish (Sebastes spp.), Pacific herring (Clupea pallasi), coho
salmon (Oncorhynchus kisutch), Chinook salmon (Oncorhynchus
tshawytscha) and brown Irish lord sculpin (Hemilepidotus spinosus) (Loch and Miller 1988; Wydoski and Whitney 2003).

Interior (westslope and Yellowstone) cutthroat trout
Newly emerged westslope and Yellowstone cutthroat trout fry
feed on zooplankton but rapidly shifted to a diet of aquatic and terrestrial insects. Westslope cutthroat rarely eat fish or amphibians.
The stomachs of 11 westslope cutthroat trout (age 2–3) in Box
Canyon Reservoir, Pend Oreille River contained about 40 percent
midge larvae and pupae (Diptera: Chironomidae) based on index of
relative importance (Barber et al. 1989, 1990; Ashe et al. 1991; Ashe and
Scholz 1992). Their stomachs also contained a variety of aquatic invertebrates, including: earthworms (Oligochaeta: Lumbriculidae), tubificid worms (Oligochaeta: Naididae), round worms (Nematoda), water
mites (Arachnida: Hydracarina), waterfleas (Cladocera: Daphnidae),
three kinds of beetles (Coleoptera: Cleridae, Curculionidae and
Staphylinidae), grass flies (Diptera: Chloropidae), house flies
(Diptera: Muscidae), humpbacked flies (Diptera: Phoridae), black
flies (Diptera; Simulidae), craneflies (Diptera: Tipulidae), two kinds
of mayflies (Ephemeroptera: Baetidae and Ephemerellidae), water boatman (Hemiptera: Corixidae), milkweed bugs (Hemiptera:
Lygaeidae), aphids (Homoptera: Aphidae), leaf hoppers (Homoptera:
Cicadellidae), bees (Hymenoptera: Apidae), ants (Hymenoptera:
Formicidae), parasitic wood wasps (Hymenoptera: Orussidae),
Sierolomorphid wasps (Hymenoptera: Sierolomorphidae), lace
wings (Neuroptera: Coniopterygidae), damsel flies (Odonata:
Coenagrionidae), grasshoppers (Orthoptera: Acrididae), stoneflies
(Plecoptera), bark lice (Psocoptera: Psocidae), two kinds of caddisflies (Trichoptera: Hydroptilidae and Rhyacophilidae), orb snails
(Gastropoda: Planorbidae) and fish, particularly sculpins (Cottidae)
(Barber et al. 1988; Ashe et al. 1990, 1991; Ashe and Scholz 1992). Fish
were a minor (incidental) portion of the diet.
Food habits of 98 resident cutthroat (age 0–4+) in five tributaries of Box Canyon Reservoir were described by Clarke (1991) and
Ashe and Scholz (1992). Tributaries included Cee Cee Ah (n = 8
stomachs examined), LeClerc (n = 36), Ruby (n = 11), Skookum
(n = 16) and Tacoma (n = 27) creeks. Cutthroat trout in all five
tributaries ate a mixed diet of aquatic insect larvae and terrestrial
adults. They fed more heavily on larval and adult insects that were
drifting on water currents as opposed to those anchored to the substrate because the compositions of insects in their diet more closely
approximated that of insects caught in drift net samples than that
of insects caught in Hess substrate samplers. In each tributary, ants
(Hymenoptera: Formicidae) comprised 30–100% of the diet of the
older age classes (2–4) of cutthroat trout (Clarke 1991; Ashe and
Scholz 1992).
A synoptic list of organisms in cutthroat trout diets from these
tributaries included earthworms (Oligochaeta: Lumbriculidae);
roundworms (Nematoda); spiders and water mites (Arachnida:
Araneida, Hydracarina); scuds (Amphipoda: Gammaridae); crayfish (Decapoda: Astacidae); seed shrimp (Ostracoda); two families of springtails (Collembola: Entomobryidae, Sminthuridae);
17 families of beetles (Coleoptera): trout stream beetles
(Amphizoidae), boring beetles (Buprestidae), predaceous ground
beetles (Carabidae), Douglas fir borers (Cerambycidae), ladybug

or ladybird beetles (Coccinellidae), weevils (Curculionidae), water
beetles/diving beetles (Dytiscidae), click beetles (Elateridae), riffle
beetles (Elmidae), mud-backed beetles (Georyssidae), crawling water beetles (Haliplidae), water scavenger beetles (Hydrophilidae),
scavenger beetles (Lathrididae), ant-loving beetles (Pselaphidae),
scarab beetles (Scarabaeidae), rove beetles (Staphylinidae), and
darkling beetles or mealworms (Tenebrionidae); 19 families of
flies and midges (Diptera): predatory dung flies (Anthomyiidae),
march flies or love bugs (Bibionidae), biting midges or no-seeums (Ceratopogonidae), phantom midges (Chaoboridae), midges
(Chironomidae), dryomyzoid flies (Dryomyzidae), dixid midges
(Dixidae), house flies (Muscidae), fungus gnats (Mycetophilidae),
humpbacked flies (Phoridae), moth flies (Psychodidae), dung flies
(Scatopsidae), scarid gnats (Sciaridae), black flies (Simulidae), small
dung flies (Sphaeroceridae), soldier flies (Stratiomyidae), rattail
maggots (Syriphidae), horse and deerflies (Tabanidae), and crane
flies (Tipulidae); 4 families of mayflies (Ephemeroptera), armored
mayflies (Baetidae), spiny crawler mayflies (Ephemerellidae), flathead mayflies (Heptageniidae) and little stout crawler mayflies
(Tricorythidae); 3 families of bugs (Hemiptera): plant/ant bugs
(Miridae), damsel bugs (Nabidae), and stink bugs (Pentatomidae): 3
families of aphids and leaf hoppers [Homoptera: aphids (Aphidae),
leaf hoppers (Cicadellidae), and psyllid bugs (Psyllidae)]; 7 families of ants, bees and wasps [(Hymenoptera): honeybees and
bumblebees (Apidae), ants (Formicidae), Ichneumon wasps
(Ichneumonidae), digger wasps (Sphecidae), paper/potter wasps
(Vespidae)]; moths and butterflies (Lepidoptera: Cassidae,
Libellulidae), aquatic caterpillars (Lepidoptera: Pyralidae); green
lacewings (Neuroptera: Chrysopidae); damsel flies (Odonata);
short horned and pygmy grasshoppers (Orthoptera: Acrididae,
Tetrigidae); 4 families of stone flies (Plecoptera) including small
winter stoneflies (Capniidae), green stoneflies (Chloroperlidae)
spring stoneflies (Nemouridae) and perlodid stoneflies
(Perlodidae); bark lice (Psocoptera: Psocidae); 9 kinds of caddisflies [(Trichoptera): conical case-makers (Brachycentridae), elliptical case-makers (Glossomatidae), net spinners without cases
(Hydropsychidae), purse case-makers (Hydroptilidae), long-horn
caddisflies (Leptoceridae), bizarre caddisflies (Lepidostomatidae),
northern case-makers (Limnephilidae), tube net caddisflies
(Psychomiidae), and free-living caddisflies (Rhyacophilidae)]; orb
snails (Gastropoda: Planorbidae); and unidentifiable fish remains
(Ashe and Scholz 1992).
Food of resident westslope cutthroat trout (n = 9, ages 1+ to 2+) inhabiting LeClerc Creek, Pend Oreille County, Washington in 1990 was
composed almost exclusively of insects, 83.2% aquatic and 16.8% terrestrial based on an index of relative importance (Clark 1991). A variety of
taxa were consumed with none dominating the diet. Armored mayflies
(Ephemeroptera: Baetidae) were most abundant, accounting for 23%
of the relative importance. Flying ants (Hymenoptera: Formicidae)
were seasonally abundant in late spring. Other prey included: spiders (Arachnida: Araneida), springtails (Collembola: Sminthuridae),
diving beetles (Coleoptera: Dytiscidae), riffle beetles (Coleoptera:
Elmidae), water scavenger beetles (Coleoptera: Hydrophilidae),
midges (Diptera: Chironomidae), dance flies (Diptera: Empididae),
fungus gnats (Diptera: Mycetophilidae), crane flies (Diptera:
Tipulidae), spiny crawler mayflies (Ephemeroptera: Heptageniidae),
butterflies (Lepidoptera), spring stone flies (Plecoptera: Nemouridae),
conical case-maker caddisflies (Trichoptera: Brachycentridae), elliptical case-maker caddisflies (Trichoptera: Glossomatidae), net spinning
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caddisflies (Trichoptera: Hydropsychidae), purse case-maker caddisflies (Trichoptera: Hydroptilidae), northern case-maker caddisflies
(Trichoptera: Limnephilidae), and free-living caddisflies (Trichoptera:
Rhyacophilidae). Fish and earthworms (Oligochaeta: Lumbriculidae)
were found in trace amounts.
Food of resident westslope cutthroat trout (n = 9, ages 1+ to
3+) inhabiting Ruby Creek, Pend Oreille County, Washington in
1990 was comprised almost exclusively of insects, 75.4% aquatic
and 24.4% terrestrial based on index of relative importance
(Clark 1991). A variety of taxa were consumed with none dominating the diet. Perlodid stoneflies (Plecoptera: Perlodidae) were
most abundant, accounting for 10.7% of the relative importance.
Flying ants (Hymenoptera: Formicidae) were seasonally abundant in late spring. Other prey included: predaceous ground
beetles (Coleoptera: Carabidae), longhorn beetles (Coleoptera:
Cerambycidae), riffle beetles (Coleoptera: Elmidae), scavenger
beetles (Coleoptera: Lathrididae), biting midges, i.e., ‘no-see-ums’
(Diptera: Ceratopogonidae), midges (Diptera: Chironomidae),
house/dung flies (Diptera: Muscidae), black flies (Diptera:
Simulidae), moth flies (Diptera: Muscidae) scarid flies (Diptera:
Sciaridae), hover flies (Diptera: Syriphidae), crane flies (Diptera:
Tipulidae), armored mayflies (Diptera: Baetidae) spiny crawler
mayflies (Diptera: Ephemerellidae), plant/ant bugs (Hemiptera:
Miridae), leaf hoppers (Homoptera: Psyllidae), Ichneumon wasps
(Hymenoptera: Ichneumonidae), potter wasps (Hymenoptera:
Vespidae), aquatic caterpillars (Lepidoptera: Pyralidae), green lacewings (Neuroptera: Chrysopidae), spring stoneflies (Plecoptera:
Nemouridae), perlodid stoneflies (Plecoptera: Perlodidae), conical case-maker caddisflies (Trichoptera: Brachycentridae), northern case-maker caddisflies (Trichoptera: Limnephilidae), and free
living caddisflies (Trichoptera: Rhyacophilidae). An earthworm
(Oligochaeta: Lumbriculidae) was found in the stomach of one fish.
Food of resident cutthroat trout (n = 5, ages 0+ to 1+) inhabiting Skookum Creek, Pend Oreille County, Washington in 1990
was comprised exclusively of insects, 87.2% aquatic and 12.9%
terrestrial based on index of relative importance (Clark 1991).
Two taxa were most prevalent, northern case-maker caddisflies
(Trichoptera: Limnephilidae) and stoneflies (Plecoptera) respectively accounting for 29.4 and 27.0% of the relative importance in
gut contents. Flying ants (Hymenoptera: Formicidae) were seasonally abundant in the spring. Other prey included: midge (Diptera:
Chironomidae), armored mayflies (Ephemeroptera: Baetidae), flat
headed mayflies (Ephemeroptera: Heptageniidae), conical casemaker caddisflies (Trichoptera: Brachycentridae), elliptical casemaker caddisflies (Trichoptera: Glossomatidae), and free living
caddisflies (Trichoptera: Rhyacophilidae).
Food of resident westslope cutthroat trout (n = 10, ages 0+ to 2+)
inhabiting Tacoma Creek, Pend Oreille County, Washington in 1990
was comprised almost exclusively of insects, 72.1% aquatic and 27.8%
terrestrial based on relative importance (Clark 1991). A variety of
taxa were consumed with none dominating the diet. Spring stoneflies
(Plecoptera: Nemouridae) were most abundant, accounting for 27.8%
of the relative importance. Flying ants (Hymenoptera: Formicidae)
were seasonally abundant in the spring. Other prey included: spiders
(Arachnida: Araneida), water mites (Arachnida: Hydracarina), boring beetles (Coleoptera: Buprestidae), ladybug beetles (Coleoptera:
Coccinellidae), click beetles (Coleoptera: Elateridae), riffle beetles
(Coleoptera: Elmidae), biting midges or no-see-ums (Diptera:
Ceratopogonidae), midges (Diptera: Chironomidae), house/dung
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flies (Diptera: Muscidae), black flies (Diptera: Simulidae), craneflies
(Diptera: Tipulidae), armored may flies (Ephemeroptera: Baetidae),
spiny crawlers mayflies (Ephemeroptera: Ephemerellidae), aphids
(Homoptera: Aphidae), butterflies (Lepidoptera), perlodid stoneflies (Plecoptera: Perlodidae), net spinning caddisflies (Trichoptera:
Hydropsychidae), and northern case-maker caddisflies (Trichoptera:
Limnephilidae).
Sullivan Lake, Pend Oreille County, Washington is a deep
(mean depth = 58 m, maximum depth = 101 m), high elevation (787
m above sea level), oligotrophic lake with minimal primary and
secondary productivity. Hence cutthroat trout occupying Sullivan
Lake are dependent upon terrestrial food sources for much of their
diet. Diet of cutthroat trout (n = 45, TL = 160–413 mm), was comprised predominantly of flying ants (Hymenoptera: Formicidae),
which occurred in 60.4% of the stomachs examined and accounted
for 86% by number, 55% by weight and 57% at the relative importance of the diet. Cutthroat trout in Sullivan Lake also consumed
spiders (Arachnida), snails (Gastropoda), beetles (Coleoptera),
earwigs (Dermoptera), flies (Diptera), mayflies (Ephemeroptera),
bugs such as water striders (Homoptera: Gerridae), aphids
(Homoptera: Aphidae), moths/butterflies (Lepidoptera), dragonflies/damselflies (Odonata: Anisoptera, Zygoptera), grasshoppers
(Orthoptera), and fish. Round worms (Nemotoda) were also present in their stomachs.
Results of stable isotope analysis indicated that only 21% of the
carbon in cutthroat trout from Sullivan Lake came from limnetic
sources (Smith 2004; Smith and Black 2004). Results of the stable
isotope analysis were consistent with the traditional food habits
analysis. Cutthroat trout in Sullivan Lake fed opportunistically
on flying ants and other terrestrial insects, which accounted for a
substantial portion of the annual energy input. Their reliance on
flying ants and terrestrial insects not produced in the lake, may be
a reflection of the low food production in the lake.
Cutthroat trout (n = 8) in Lake Chelan (in 1982) were heavily
dependent upon terrestrial insects for growth and survival, owing to the paucity of aquatic insects and zooplankton production in this ultra-oligotrophic lake (Brown 1984). Of the 1,462
organisms counted in these stomachs 1,262 (86%) were of terrestrial origin (Brown 1984). Stomach contents contained 66% ants
(Hymenoptera: Formicidae) and 12% beetles (Coleoptera) by number (Brown 1984).
These eight fish consumed (by total number) the following terrestrial taxa: 8 spiders (Arachnidae: Araneidae), 3 millipedes (Diplopoda),
7 comb-clawed beetles (Coleoptera: Alleculidae), 3 predaceous ground
beetles (Coleoptera: Carabidae), 13 longhorn beetles (Coleoptera:
Cerambycidae), 13 leaf beetles (Coleoptera: Chrysomelidae), 2
lady bugs (Coleoptera: Coccinellidae), 7 weevils (Coleoptera:
Curculionidae), 110 click beetles (Coleoptera: Elateridae), 1 round
fungus beetles (Coleoptera: Leiodidae), 5 scarab beetles (Coleoptera:
Scarabaeidae), 21 bark beetles (Coleoptera: Scolytidae), 1 bark gnawing
beetle (Coleoptera: Trogostidae), 1 unidentifiable beetle (Coleoptera),
10 march flies (Diptera: Bibionidae), 6 unidentifiable dipterans, 15
negro bugs (Hemiptera: Cormelaenidae), 10 seed bugs (Hemiptera:
Cicadellidae), 1 unidentifiable aphid (Homoptera: Aphidae), 962 ants
(Hymenoptera: Formicidae), 5 bees (Hymenoptera: Apidae), and 30
unknown hymenopterans (Brown 1984).
These eight fish also consumed (by total number) the following aquatic taxa: 2 rove beetles (Coleoptera: Staphylinidae),
50 unidentifiable Coleoptera, 27 midge larvae (Diptera:
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Chironomidae), 1 dance fly (Diptera: Empididae), 3 black flies
(Diptera: Simulidae), 24 craneflies (Diptera: Tipulidae), 1 armored mayfly (Ephemeroptera: Baetidae), 8 flat headed mayflies (Ephemeroptera: Heptageniidae), 4 unidentifiable mayflies
(Ephemeroptera), 13 green stoneflies (Plecoptera: Chloroperlidae),
1 spring stonefly (Plecoptera: Nemouridae), 13 conical case-maker
caddisflies (Trichoptera: Brachycentridae), 3 elliptical case-maker
caddisflies (Trichoptera: Glossomatidae), 14 net spinning caddisflies (Trichoptera: Hydropsychidae), 3 northern case-maker
caddisflies (Trichoptera: Limnephilidae), 17 free living caddisflies
(Trichoptera: Rhyacophilidae), and 6 unidentifiable caddisflies
(Trichoptera) (Brown 1984).
Predominant prey of adfluvial cutthroat trout in Priest (n = 29)
and Upper Priest (n = 24) lakes, Idaho was identical, being comprised
of midges and flies (Diptera), flying ants (Hymenoptera), and beetles
(Coleoptera) (Bjornn 1957). Massive springtime hatches of flying
ants were heavily consumed by these cutthroats. Annelid worms,
zooplankton (Leptodora kindtii), spiders (Arachnida), water bugs
(Hemiptera), mayflies (Ephemeroptera), butterflies (Lepidoptera),
dragon/damsel flies (Odonata), stoneflies (Plecoptera) and caddisflies (Trichoptera) were also eaten by cutthroat trout in the two
lakes. Those from Priest Lake also consumed fish eggs.
Caddisflies, stoneflies, and flying ants were the most prevalent
prey in the diet of resident cutthroat trout (n = 17) from tributaries of Priest Lake, Idaho (Bjornn 1957). Cutthroat in Priest Lake
tributaries also ate beetles, midges/true flies, water bugs, grasshoppers and fish eggs. Adfluvial cutthroat trout in Thompson Lakes,
Montana consumed mature aquatic insects and juvenile yellow
perch (Echo 1954).
Stomachs of 23 cutthroat trout collected from the tributaries
(Wenatchee, Entiat, Methow) of the mid-Columbia River consumed aquatic and terrestrial insects (Chapman and Quistorff
1938). Two stomachs contained suckers.
In the Yellowstone River, Montana, Laakso (1951) compared the
diets of mountain whitefish to that of rainbow and cutthroat trout.
Although these three species consumed many of the same types of
prey, the two trout species were surface orientated and fed mainly
on prey in the drift, whereas mountain whitefish were bottom orientated and fed mainly on prey that were crawling along the bottom.
Thus, the behavior of the whitefish and trout resulted in partitioning
of food resources, allowing them to avoid direct competition.

Lahontan Cutthroat trout
Food habits of Lahonton cutthroat trout in their native range
(Sierra Nevada Mountains, California and Nevada) were described
by McAfee (1966), Coleman and Johnson (1988) and Gerstrung
(1988). Lahonton cutthroat fry and juvenile ate zooplankton and
aquatic insects. As they grew older they gradually became more piscivorous. When Lahontan cutthroat, particularly adfluvial stocks
in Pyramid and Walker lakes, Nevada reached a fork length of
about 300 mm they fed chiefly on fish. In Pyramid Lake, Nevada,
fish (especially tui chub) comprised 83% of the stomach contents
by volume of 157 adult Lahonton cutthroat. Zooplankton and
aquatic insects rounded out their diet. In two small alpine lakes
in the high Sierra, Daphnia, copepods and Chironomids were the
most important prey of 270–500 mm adult lahontan cutthroat
trout (McAfee 1966). Of secondary importance were other types of
aquatic and terrestrial insects, amphipods and snails.

In Washington food habits of Lahonton cutthroat trout were
investigated at Omak Lake, Okanogan County (Kucera et al. 1985),
Lake Lenore, Grant County (Luecke 1986), Sprague Lake, Adams
and Lincoln Counties (Whalen 1989; Willms 1980; Willms et al.
1989), and Granite Lake, Spokane County (Chess 1989; Chess et
al. 1993) that had received plants of Lahonton cutthroat trout.
Lahonton cutthroat in each of these lakes consumed predominantly zooplankton and aquatic insects. They did not switch over
to fish even after they attained sizes in excess of 300 mm. In part,
this may be because they were typically stocked into high alkalinity
lakes that contained no or few fish. For example, Granite Lake is a
highly alkaline (pH 9–10) lake that was historically fishless prior to
introduction of Lahonton cutthroat.
At Sprague Lake, Lahonton cutthroat (n = 3, age 0+) consumed
85.3% cladocerans (Daphnia) and 14.9% Diptera (mainly chironomids) in 1986 (Whalen 1999). At Sprague Lake, Lahonton cutthroat
(n = 62, ages 0+ to 2+, 130–431 mm TL) consumed 38.6% Daphnia,
30.2% midge larvae and pupae (Diptera: Chironomidae), 21.8% mosquito larvae (Diptera: Culicidae), 7% scuds (Amphipoda), 1% mayflies
(Ephemeroptera), and 1% bugs, mostly water boatman (Hemiptera:
Corixidae) in 1987 and 1988 (Willms 1999; Willms et al. 1999).
At Granite Lake, Lahonton cutthroat trout (n = 77) consumed
(by numerical percentage) 36.2% phantom midges Chaoborus trivittatus (Diptera: Chaoboridae), 25.3% Daphnia pulicaria (Cladocera:
Daphnidae), 14.8% water boatman (Hemiptera: Corixidae), 13.1%
midge larvae (Diptera: Chironomidae), 3.8% mayflies Callibaetis
sp. (Ephemeroptera: Baetidae), 2.4% diving beetles (Coleoptera:
Dytiscidae), 2.0% dragon flies/damsel flies (Odonata), 0.9 % worms
(Oligochaeta: Lumbriculidae), 0.7% caddisflies (Trichoptera),
and trace amounts of the small cladoceran Ceriodaphnia lacustris
(Cladocera: Daphnidae) and Calanoid copepod Leptodiaptomus
sicilis (Chess 1990; Chess et al. 1993). Strauss electivity indices, which
measured the degree to which the trout selected particular kinds of
prey, or size categories of a particular species of prey, indicated that
Lahonton cutthroat trout in Granite Lake either avoided or could not
detect C. lacustris (-0.5) and L. sicilis (-0.75). Both organisms were
abundant in zooplankton samples, but were rarely seen in the trout
stomachs, perhaps owing to their small size. In contrast, strong selection was evident for larger sized C. trivittatus (+ 0.5) and D. pulicaria. (+0.5). Of the size ranges of D. pulicaria available in the water
column (0.61–2.60 mm), the trout avoided those less than 1.0 mm,
selected for individuals 1.2–2.0 mm, and consumed 2.0–2.6 mm individuals in proportion to their availability in the environment (index
values near 0) (Chess et al. 1993). Lahonton cutthroat trout predation
was most intense on C. trivittatus. Mean density of C. trivittatus during the summer and fall of 1987 (before Lahonton cutthroat trout
were introduced) was respectively 650/m² and 1000/m² respectively.
Lahontan Cutthroat trout were introduced in November 1987. In the
summer of 1988, mean density of C. trivittatus had declined to 10/
m². By the fall of 1988 they had essentially disappeared from the lake.
Chironomid pupae and the phantom midge Chaoborus flavicans were respectively the most prominent food items in the diets
of Lahonton cutthroat in Omak Lake (Kucera et al. 1985) and Lake
Lenore (Luecke 1986). Luecke (1986) noted that Chaoborus flavicans were distributed throughout the water column of Lake Lenore
during daylight hours prior to introduction of Lahonton cutthroat
trout. In response to predation by Lahonton cutthroat, C. flavicans
began to migrate vertically into the hypolimnion of Lenore Lake
during the day. Luecke (1986) concluded that strong selection
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against non-migrating C. flavicans was the agent responsible for the
new migration behavior. Thus, Lahonton cutthroat predation either
rapidly restructured the zooplankton community or altered the
behavior of the plankton community after their introduction into
eastern Washington lakes. Lahonton cutthroat trout in Lake Lenore
preyed also on neotenic tiger salamanders (Ambystoma tigrinum)
and eliminated them from the lake (Korth and Bartlett 2001).
Stomachs of Lahonton cutthroat (n = 33, 431–711 mm TL) from
Omak Lake, Okanogan County, were examined by Koch (1975).
Redside shiner and chironomids (Diptera: Chironomidae) were
the most prevalent organisms in the diet. Some individual stomachs contained as many as four redside shiner 75–101 mm TL.
Amphipods (Gammarus) were found in some stomachs in large
numbers. Black flies (Diptera: Simulidae) armored and spiny
crawler mayflies (Ephemeroptera: Baetidae and Ephemerellidae)
and caddisflies (Trichoptera) were present in smaller numbers.

Pink salmon
Pink salmon typically spawn in short coastal streams and migrate to the ocean soon after swimup fry emerge from the gravel,
so they usually do not feed in freshwater (Scott and Crossman
1973; Hart 1973; Wydoski and Whitney 1979, 2003). Heard (1991)
reviewed six papers that described food habits of pink salmon
in 14 streams (n > 3896 individuals) and noted that on average only 20% (range 0–68%) of the fry contained any food at all.
Many individuals contained residual yolk, which fueled their energy needs. Populations that had to migrate longer distances to
reach the sea did eat larvae and pupae of aquatic insects such as
midges (Diptera: Chironomidae), mayflies (Ephemeroptera), and
stoneflies (Plecoptera) as well as zooplankton (Cladocera and
Copepoda) (Heard 1991).
After entering estuaries and embayments pink salmon fry fed
mainly on calanoid, cyclopoid and harpacticoid copepods (Bailey
et al. 1975; Heard 1991). As they grew larger and began to move
away from the coast their prey became more diverse. Takagi et
al. (1981) and Heard (1991) reviewed 20 papers that described the
food habits of 4,097 pink salmon collected in near shore environments. Copepod crustaceans were the dominant food eaten,
along with smaller amounts of other types of crustaceans, including Cladocera, mysids (shrimp-like crustaceans), euphausiids (shrimp-like crustaceans commonly called krill), amphipods
(scuds), decapods (crab larvae), and cirripedes (barnacle larvae).
Pink salmon also ate seed shrimps (ostracods), and fish larvae.
In offshore waters pink salmon diets were composed of 24%
squid, 15% fish, 14% euphausiids, 13% copepods, 12% amphipods,
10% chaetognaths (arrow worms), 7% pteropods (flapping snails),
and 5% Mysis shrimp. Their diet also contained about 1% each decapod crustaceans (crab zoea and megalops larvae) and polychaete
worms (Myers et al. 1995).
The food habits of pink salmon migrating through (or residing in) the Straits of Georgia, British Columbia, were examined in
1998, 2000, and 2002 (Beamish et al. 2004). Their diet was composed of amphipods, decapods (crab zoea and megalops larvae),
euphausiids, calanoid copepods, and ostracods.
Heard (1991) reviewed 12 papers on feeding habits of pink
salmon from various areas in the North Pacific Ocean. Collectively,
over 7,238 individual stomachs were examined in these studies.
Squid, fishes, euphausiids, copepods, amphipods, and pteropods
were all important components of the diet and varied depending
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upon where and when the samples were collected. Juvenile lantern
fish (Myctophidae), sandlance (Ammodytes hexapterus) Pacific
herring (Clupea pallasi) and rock fish (Sebastodes sp.) were the
principle fish species consumed by pink salmon.

Chum salmon
Chum salmon fry spend little time in freshwater and it is not clear
to what extent they feed in freshwater as they migrate downstream
(Salo 1991). Some consumption of aquatic insects, especially
midges (Diptera: Chironomidae), stoneflies (Plecoptera) and mayflies (Ephemeroptera), diatoms and copepods has been reported
(Sparrow 1968; Loftus and Lenon 1977). The only important food
item in the diet of 121 chum salmon smolts in the Salcha River,
Alaska was chironomids (Loftus and Lenon 1977).
After entering saltwater, chum salmon remain in estuaries or
deltas (in salt marshes and eel grass beds) for several months to
forage and grow before continuing their migration to the North
Pacific. During this time copepods, euphausiids (krill), amphipods, and tunicate larvae were the predominant prey (Salo 1991;
Wydoski and Whitney 2003). In Puget Sound, diet of juvenile
chum salmon consisted almost exclusively of harpacticoid copepods and gammarid amphipods (Kaczanski et al. 1973). In salt
water habitat at the mouth of the Skagit River Washington, chum
salmon consumed mainly chironomids (Congleton 1979). After attaining 55–60 mm FL they migrated into offshore waters.
A total of 2,313 stomachs of chum salmon migrating through
the Straits of Georgia, British Columbia were examined between
1997 and 2002 (Beamish et al. 2004). Their diet was composed of
Ctenophora (comb jellies), chaetognaths (arrow worms), calanoid
copepods, amphipods, decapods (crab zoea and megalops larvae),
and euphausiids (krill) (Beamish et al. 2004).
In the open ocean, chum salmon consumed 36% gelatinous
zooplankton such as jellyfish (cnidarians, ctenophores) and
salps (siphonophores); 30% krill (Euphausiidae); 15% pteropods
(“flapping” or “butterfly” snails); 9% fish; 6% amphipods; 4%
Chaetognatha (arrow worms); 3% squid; 2% polychaetes; <1% copepods and <1% decapod crustacean larvae (e.g. crab zoea and
megalops larvae) (Myers et al. 1995). Salo (1991) reviewed seven papers on the ocean food habits of chum salmon. Brodeur and Percy
(1990) and Landingham et al. (1998) respectively described the
food habits of chum salmon off the coasts of Washington/Oregon
and British Columbia/Alaska. Calanoid copepods, euphausiids,
and fish larvae were important food items in all of these studies. Fish accounted for about 10–50% of the stomach contents in
some studies. Fish consumed by chum salmon included herrings
(Clupeidae), cods (Gadidae), greenlings (Hexagrammidae), lantern fishes (Myctophidae) and rockfish (Scorpaenidae) (Wydoski
and Whitney 2003). Pacific sand lance (Ammodytes hexapterus)
and Pacific herring (Clupea pallasi) were especially important.
Their consumption of gelatinous zooplankton sets chum
salmon apart from other species of Pacific salmon. Since this type
of prey accounts for a large proportion of their diet in the open
ocean, it may reflect an example of resource portioning, where
they have shifted to a different food resource to avoid competetion
when organisms that are preyed on in common by several species
of salmon are in low abundance.

Coho Salmon
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Juvenile coho salmon are voracious predators during their period
of stream residence. After staking out a feeding territory, they orient upstream and devour almost any organism that drifts over the
surface or crawls along the bottom of their territory. Aquatic insect larvae and pupae, or terrestrial insects that have fallen or were
blown into the water, form the mainstay of their diet. Small fishes
are also frequently found in their stomach contents.
Types of prey consumed in freshwater included chironomid
larvae, caddisfly larvae (Trichoptera), stonefly larvae (Plecoptera)
beetles (Coleoptera), water mites (Hydracarina), and worms
(Oligochaeta) (Forester and Ricker 1953; Roos 1960; Mason
1974). Wherever they overlap sockeye salmon, in Alaska, British
Columbia and Washington, coho consume sockeye fry that are migrating from their natal stream into their nursery lake (Forester
and Ricker 1953; Roos 1960; Tabor and Chan 1996). Coho smolts
also consumed pink, chum, coho and Chinook fry (Pritchard 1936;
Shapovalov and Taft 1954; Hunter 1959), three-spine stickleback
(Gasterosteus aculeatus) and nine-spine stickleback (Pungitus pungitus) (Sandercock 1991).
Stomachs of hatchery coho smolts released in the Wenatchee
River, Washington were examined in the spring of 2000 (n = 837;
mean ±SD FL = 129 ± 10 mm) (Murdoch and Dunnigan 2002)
and 2001 (n = 1,094; mean ± SD FL = 129 ± 10 mm) (Murdoch and
LaRue 2002). The primary purpose of this investigations was to
determine the extent to which hatchery coho preyed upon naturally reproduced fry of summer Chinook salmon or resident salmonids, so all invertebrate taxa (mainly insects) were lumped into
one food category (insects) that was not further separated. Fish
remains (soft tissues) found in the stomachs were digested using
pancreatin, to reveal diagnostic bones that identified species of
prey fishes consumed. The empirical data were applied to a model
that estimated temperature dependent gastric evacuation rate of
coho salmon and estimated of the number of summer Chinook
consumed by an individual coho smolt in a 24 hour period. The
individual daily consumption rate was multiplied by the number
of coho present to provide an estimate of the number of Chinook
consumed daily by the coho population. This number varied daily
depending upon the amount of time that the hatchery-released
coho resided in the Wenatchee River before emigrating into the
Columbia. The amount of time coho travel in the river is determined by the dates and numbers of marked coho released from
the hatchery into Icicle and Nason Creeks and their numbers collected daily in a WDFW smolt trap at RKM 11.4 near the mouth of
Wenatchee River. Since the number of naturally produced summer
Chinook that were present had been estimated, the percentage of
the Chinook population consumed by coho could be determined.
In the spring of 2000, stomachs of 627 coho smolts (75%
of those examined) contained insects, 21 (2.5%) contained one
fish each, and 197 (24%) were empty (Murdoch and Dunnigan
2002). Of the 21 fish found in coho stomachs, 17 were identified
as Chinook. At a mean water temperature of 8.7°C, gastric evacuation rate of 30.2 hours and mean migration time of 16 days for
coho to travel from release sites to the lower Wenatchee trap site,
Murdoch and Dunnigan (2002) calculated that the number (±95%
CI) of Chinook fry consumed by the 968,804 coho released was
134,125 (36,597–341,799). The number of Chinook fry consumed
was approximately 1.3% (95% CI = 0.4–3.4%) of the 10.2 million
(95% CI = 7.5 million to 12.9 million) Chinook fry that were available for consumption in the coho migration corridor during the

spring of 2000. Chinook fry in coho stomachs ranged from 32–40
mm, compared to 44 mm (SD = 10 mm) in the Chinook population, indicating that the coho were cropping off the smallest (weakest) Chinook.
In 2001, stomachs of 726 coho smolts (64% of those examined)
contained insects, 2 (0.175%) contained fish, 338 (29.0%) contained
plants, 118 (10%) contained detritus or unidentifiable remains, and
165 (14.5%) were empty (Murdoch and LaRue 2002). At a mean water temperature of 5.5° C, gastric evacuation rate of 40.5 hours and
mean residence time of 15.8 days for coho to travel from the release
sites to the lower Wenatchee trap site. Murdoch and LaRue (2002)
calculated that the number (±95% CI) of Chinook fry consumed by
the 968,804 coho released was 2,346 (295–8,777). The percentage
(±SD) of Chinook fry consumed was about 0.96% (0.12–3.5%) of
252,000 that were present along the coho migratory corridor during the spring of 2001 (Murdoch and LaRue 2002).
In 2003 the stomach contents of 1,065 coho smolts (mean
FL = 134 mm) planted into and later captured in Nason Creek, a
tributary of the Wenatchee River, were examined (Murdoch et al.
2005). Of these, 540 (51%) contained insects, 315 (30%) were empty,
174 (16%) contained plant material, 160 (15%) contained detritus
and food too digested to identify, and 3 (0.3%) contained fish (salmonids). One of the three had consumed two fish. Based on a mean
water temperature of 5.5°C, gastric evacuation rate of 40.5 hours,
an average residence time of 1.7 days before leaving Nason Creek
(based on passage data collected from PIT-tagged fish), it was estimated that 31,628 coho planted in Nason Creek consumed 1,009
naturally produced spring Chinook fry that were rearing there
(Murdoch et al. 2005). The percentage (± SD) of Chinook fry consumed was 0.14% (0.028–0.40%) of the estimated 740,880 spring
Chinook fry naturally produced in Nason Creek in 2002 (Murdoch
et al. 2005). The latter number was determined by counting spring
Chinook redds (n = 294, Grassell 2003) in Nason Creek in the fall
of 2002, multiplying by mean fecundity (4,200 eggs), and egg-toemergence survival rate (60%) (Fast et al. 1986).
Murdoch et al. (2005) also examined predation by naturally
produced coho smolts that had reared in Nason Creek on spring
Chinook salmon that were also naturally produced there. In 2003,
stomachs of 37 coho were analyzed. Of these 28 (76%) contained
insects, 5(14%) were empty, 5 (14%) contained plant material,
2 (5%) contained detritus or food too digested to identify and 1
(2.7%) contained fish (salmonid). It was estimated that 17,054
wild coho smolts consumed 1,451 spring Chinook smolts or about
0.20% (95% CI = 0.005–1.03%) of the 740,880 present in the creek
(Murdoch et al. 2005). Thus per capita consumption of Chinook
by natural coho smolts (0.085) was approximately 2.6 times that of
hatchery coho smolts (0.032).
Additionally in 2003, stomachs of 37 coho smolts migrating
through Lake Wenatchee were examined to determine if they had
preyed on sockeye salmon in their passage of the lake. Of these
29 (79%) contained insects, seven (19%) were empty, two (4%)
contained detritus and digested food and none contained fish
(Murdoch et al. 2005).
Coho salmon have 18–25 widely spaced gill rakers that are short
and stubby, so in lake environments they are not very efficient
predators of small or mid-size zooplankton, although very large
zooplankton (e.g. the opossum shrimp, Mysis relicta, or larvae of
the phantom midge (Chaoborus) sometimes contribute to their
diet. In Great Central Lake, British Columbia, juvenile coho con-
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sumed 21 different categories of food, comprised of 80% winged
dipterans and less than 5% zooplankton (Mason 1974).
A total of 3,756 stomachs of juvenile coho salmon migrating
through (and rearing in) the Straits of Georgia, British Columbia,
were examined between 1997 and 2002 (Beamish et al. 2004). Their
diet was composed of decapod crustacean (mostly crab zoea and
megalops larvae), teleost fishes, amphipods (gammarids and hyperiids), euphausiids, and about 1% other organisms (Beamish et al.
2004).
Food habits of coho salmon in the Pacific Ocean were described by Silliman (1941), Pritchard and Tester (1944), Heg and
Van Hyning (1951), Reid (1961), Prakash (1962), Reimers (1964), Le
Brasseur (1966), Manzer (1969), Parker (1971), Bordeur and Percy
(1990), Sandercock (1991), Meyers et al. (1995) and Landingham
et al. (1997). The consensus of these studies was that coho are
mainly piscivores. Additionally, at times they eat substantial
numbers of squid (Loligo opalescens), krill (Euphausiidae), cancer crab megalops larvae (Cancer magister) and goose barnacles
(Pollicipes polymerus). Pacific herring (Clupea pallasi), northern
anchovy (Engraulis mordax) and Pacific sandlance (Ammodytes
hexapterus) appeared to be the dominant fish species in the diet.
Other fishes consumed by coho salmon in marine waters included:
ratfish (Chimeridae), Pacific sardines (Sardinops sagax), surf smelt
(Hypomesus pretiosus), capelin (Mallotus villosus), eulachon or candlefish (Thaleichthys pacificus), lantern fish (Myctophidae), quillfish
(Ptilichthys goodei), prowfish (Zaprora silenus), hake (Merluccius
productus), walleye pollack (Theragra chalcogrammus), Pacific
saury (Cololabis saira), three spine stickleback (Gasterosteus aculeatus), rockfish (Scorpionidae), sablefish (Anoplopoma fimbria),
greenlings (Hexagrammidae), sculpin (Cottidae), pricklebacks
(Stichaeidae), and flatfish (Pleuronectidae and Bothidae). Pink and
chum salmon fry were consumed by coho when they initially entered saltwater through an estuary (Parker 1971).
The marine diet of coho salmon appears to be strongly influenced by coastal upwelling related to El Niño events and the
Pacific Decadal Oscillation. During strong upwelling years coastal
fish species (e.g. Pacific herring and smelt) were consumed more
frequently by coho. During weak upwelling years, offshore fish
species (e.g., northern anchovy and juvenile rockfish) were more
prevalent in coho diet.
In the Great Lakes, introduced coho salmon fed heavily on alewives (Alosa pseudoharengus), and smaller numbers of rainbow
smelt (Osmerus mordax), and Mysis shrimp (Mysis relicta) (Harney
and Norden 1972; Becker 1983). In Lake Berryessa, California, introduced coho salmon fed almost exclusively on threadfin shad
(Dorosoma pretense) (Moyle 1976).
In Pallette Lake Wisconsin, introduced coho salmon (n = 190),
117–210 mm TL, ate mostly winged flies (Empididae), ants
(Formicidae) and beetles (Carabidae, Curculionidae, Pselaphidae)
while they were distributed in the shallow water of the littoral zone
during the spring, and mostly very large zooplankton (Leptodora
kindtii, Holopedium gibberum, Chaoborus punctipennis) or juvenile whitefish (cisco–Coregonus artedii) when they were distributed in the thermocline of the pelagic zone during the summer
(Engel 1976). In the spring sample, coho averaged 41 winged flies
per stomach, with some stomachs containing as many as 177 (Engel
1976).
In Stormy Lake, Wisconsin coho salmon (n = 185), 190–
444 mm TL, ate a combination of insects (mayflies, dragonflies,
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grasshoppers, beetles, water ‘bugs’, caddisflies, midges, ants,
aphids), Mysis relicta, water mites, spiders, leeches, ostracods,
crayfish, snails and fish fry (northern pike, minnows, yellow perch,
darters, bluegill and smallmouth bass) (McKnight and Serns 1974).
Fish occurred in 39% of the stomachs examined but accounted for
72% of the total volume of food consumed. Fish were more common in guts of coho ≥300 mm TL, suggesting that fish became a
more important component of the diet as coho grew older and
larger. Interestingly, coho in Stormy Lake ignored bluntnose minnows (Pimephales notatus) and mottled sculpin (Cottus bairdi)
even though they were abundant in the lake. Insects were found
in 69% of the stomachs and were especially prevalent during the
spring and summer months.
In Granby Reservoir, Colorado, introduced coho salmon (178–
353 mm TL) ate mostly insects and large zooplankton and ignored
minnows even though minnows were abundant in the environment (Klein and Finnell 1969).
Collectively, these data may reflect the opportunistic feeding
behavior of salmonids. When aquatic insects (pupae) emerge on
the surface in the spring and early summer, they make succulent,
stationary targets that are not so difficult for coho to catch in comparison to a fish that is actively trying to avoid capture. Moreover,
they are usually available in extraordinary numbers at this time,
so they make for ‘easy pickins’. Thus, coho get an excellent costvs.-benefit ratio with respect to energy lost-vs.-energy gained by
opportunistically switching their search image from fish to emerging insect larvae i.e., coho expend relatively little energy to locate,
capture and subdue the insects and get a big energy gain because of
the abundance of emerging insects.

Golden Trout
Food habits of golden trout that have been stocked in high elevation lakes of the Cascade Range and Okanogan Highlands of
Washington state have not been described but is presumably similar to that of golden trout from lakes in the high Sierra of California
where they are native. Food habits of golden trout in high mountain lakes of the Sacramento Basin were described by Curtis (1934),
McAfee (1966) and Moyle (1976).
Stream dwelling golden trout consumed a variety of aquatic invertebrates and terrestrial insects. Aquatic forms included water
mites, adult beetles (such as diving beetles, riffle beetles and water scavenger beetles), and larvae and/or pupae of seven kinds of
Dipterans (e.g., midges, dance flies, shore flies, mosquitoes, black
flies, horse/deer flies, craneflies). Hemipterans (i.e., bugs like water
boatman, water striders, and back swimmers), mayflies, stoneflies,
and caddisflies were also important items in the diet of these trout.
Terrestrial insects consumed by golden trout included spiders,
beetles such as lady bugs, Homopterans (aphids), Hymenopterans
(ants, bees and wasps), butterflies/moths, dragonflies, damsel flies
and grasshoppers.
Planktonic crustaceans (cladocerans and copepods), chironomid larvae; caddisfly larvae, and ostracods (seed shrimp) were the
main foods of lake dwelling golden trout (Curtis 1934; Molye 1976).
Water mites (Hydracarina) were also consumed.

Rainbow/Steelhead Trout
Hartman (1958) determined that the maximum size of food consumed by rainbow trout was directly proportional to mouth gape.
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Spacing between the gill rakers determine the minimum size of
organisms consumed. Gill rakers are used as a filter feeding device
to “strain” zooplankton in lakes.
Stream dwelling rainbow trout and (juvenile steelhead in freshwater streams) typically feed on drifting aquatic and terrestrial
insects, crustaceans and mollusks. Larger, stream dwelling trout
will take fish when available but aquatic and terrestrial insects still
remain an important (in many cases the most important) component of their diet.
In saltwater, juvenile steelhead initially feed on marine invertebrates that are part of the zooplankton community, which includes
copepods, euphausiid shrimp (i.e., krill), and crab megalops larvae. As they grow larger and move offshore, fish and squid become
increasingly important in their diet, until each contributes about
45–50% of the total stomach contents.
Small-sized rainbow trout in lakes usually consume zooplankton, benthic macroinvertebrates, and terrestrial insects in that order, depending upon the productivity of the lake. In oligotrophic
lakes with limited internal primary productivity, the proportion of
terrestrial insects in their diet increases. When lake dwelling rainbow trout attain a length of about 300 mm, fish become an increasingly important component of their diet. Types of fishes consumed
by rainbow trout in freshwater includes several types of minnows
(Cyprinidae) (notably redside shiner Richardsonius balteatus,
speckled dace Rhinichthys osculus and tui chub Gila bicolor), suckers (Catostomidae), salmon/trout/whitefish (Salmonidae) (notably
sockeye salmon Oncorhynchus nerka, smolts), smelt (Osmeridae),
several types of sculpin (Cottidae), sunfish fry (Centrarchidae),
and percid fry (Percidae) (notably yellow perch Perca flavescens)
and walleye (Sander vitreus).
Coastal rainbow trout and interior redband trout may prefer different types of prey. The WDFW hatchery in Spokane
Washington has produced the majority of rainbow trout stocked
in lakes of eastern Washington. The Spokane hatchery stock was
originally derived from a mix of about >95% coastal steelhead and
<5% redband trout from the McCloud River, Sacramento River
System, California (Crawford 1979). I have noticed that in lakes
these trout usually tend to consume large amounts of zooplankton,
particularly large-sized cladocerans such as Daphnia sp., which
constitute the highest proportion of their diet. In contrast, while
native Columbia River redband trout in lakes fed on zooplankton,
they are often of secondary importance to aquatic and terrestrial
insects and benthic macroinvertebrates. Moreover, the Spokane
hatchery coastal rainbow that are 400–500 mm are usually content
to continue eating zooplankton as the dominant part of their diet,
whereas redband begin to consume fish starting at about 300 mm.
In Lake Roosevelt, the reservoir behind Grand Coulee Dam,
indigenous redband trout with a fluvial life history were forced to
adopt a secondary adfluvial life history after the dam inundated
their ancestral foraging habitat in the Columbia mainstem in 1939.
Although abundant zooplankton were available in the newly created lake, populations of redband trout dwindled, indicating that
they were unable to (or did not prefer to) switch from their traditional insect diet to zooplankton. In contrast when nonindigenous
coastal rainbow from the Spokane hatchery were stocked commencing in 1986, they ‘chowed down’ on the abundant Daphnia
and grew about at a rate of about 25–35 mm per month, producing
one of the most impressive and consistent sport fisheries in the
state of Washington.

Stober et al. (1977) investigated the food habits of rainbow trout
(n = 55) in Lake Roosevelt in 1976. These rainbow were presumably
native adfluvial redband trout that foraged in the lake and returned
to spawn in one of the tributaries. (At the time this study was accomplished, no coastal rainbow were being stocked in the lake, so
it is probable that the majority of these fish were native redband
trout). Their stomachs contained mainly aquatic insects (midges,
beetles, caddisflies, mayflies, and stoneflies), with small numbers of
zooplankton, sculpin (Cottidae), and unidentifiable fish remains.
Food habits of rainbow trout (n = 1,168) in Lake Roosevelt, were
examined over an 11 year period, 1988–1998, (Peone et al. 1990;
Griffith and Scholz 1991; Thatcher et al. 1993; Griffith et al. 1996;
Underwood and Shields 1996a, 1996b; Underwood et al. 1996;
Chichosz et al. 1999; Spotts et al. 2000). The majority of these fish
(>95%) were Spokane fish hatchery stock (i.e., coastal steelhead)
that had been reared in net pens for about 6–7 months before their
eventual release into Lake Roosevelt. The most prevalent prey,
based on numerical percentage of the diet, were two large species of cladoceran zooplankton (Daphnia sp. 75.0% and Leptodora
kindtii at 10.6%) and chironomidae larvae and pupae at 13.2%. Thus
98.8% of the stomach contents over the 11 year period was one of
these three organisms. The average number of each type of organism per stomach was Daphnia (n = 498), L. kindtii (n = 70) and
Chironomidae (n = 87).
Daphnia were abundant in zooplankton samples collected
from the water column but rainbow tended to select the largest
individuals present in the population (i.e. >1.0 mm–3.0 mm). L.
kindtii and Chironomidae, both members of the zooplankton
community, were rare in zooplankton samples; but, as both species are much larger than Daphnia (>3.0 mm), trout apparently
selected them whenever they were encountered. Despite intense
selective pressure exerted on the Lake Roosevelt zooplankton community by rainbow trout, and even more so by kokanee salmon,
the zooplankton community structure remained stable over the 11
year interval, moreover, growth rates of both rainbow and kokanee
remained excellent (among the highest reported anywhere in the
Pacific Northwest), indicating that planktivorous fish populations
were well below the carrying capacity of the environment.
Based on index of relative importance, Daphnia accounted for
36.7%, L. kindtii accounted for 9.8% and chironomidae accounted
for 14.0% (on average) of the annual diet, over the 11 year interval.
The reason why the “big three” organisms did not account for the
more of the relative importance was because rainbow trout occasionally consumed very large organisms that contributed substantial amounts of weight of the diet.
Other prey of rainbow trout in Lake Roosevelt over the 11
year period, included earthworms (Oligochaeta: Lumbriculidae)
and water mites (Arachnida: Hydracarina), Crustaceans in their
diet included two kinds of scuds (Amphipoda) [freshwater
shrimp (Gammaridae) and shore hopper (Talitridae: Hyalella azteca)], crayfish (Decapoda: Astacidae), three kinds of copepods
(Eucopepoda) [Epischura sp. and Leptodiaptomus sp. (Calanoida)
and Diacyclops bicuspidatus thomasi (Cyclopoida)], aquatic sow
bugs (Isopoda, Asellidae), seed shrimps (Ostracoda).
Insects in their diet included 8 kinds of beetles (Coleoptera)
including: predaceous ground beetles (Carabidae), leaf beetles
(Chrysomelidae), weevils (Curculionidae) riffle beetles (Elmidae),
water scavenger beetles (Hydrophilidae), soft-winged flower beetles
(Melyridae), narrow-waisted bark beetle (Salpingidae), and rove bee-
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tles (Staphylinidae). Four kinds of Diptera (true flies), including dixid
midges (Dixidae), black flies (Simulidae), horse/deer flies (Tabanidae)
and crane flies (Tipulidae), were consumed. Armored mayflies
(Ephemeroptera: Baetidae), spiny crawler mayflies (Ephemeroptera:
Ephemerellidae), and flat headed mayflies (Ephemeroptera:
Heptageniidae) were consumed. Ten kinds of bugs (Hemiptera),
including giant water bugs (Belostomatidae), water boatman
(Corixidae), toad bugs (Gelastocoridae), water striders (Gerridae),
semi-aquatic bugs (Macroveliidae), water treaders (Mesoveliidae),
creeping water bugs (Naucoridae), velvety shore bugs (Ochteridae),
shore bugs (Saldidae) and riffle bugs (Veliidae) were consumed.
Aquatic caterpillars (Lepidoptera: Pyralidae), dragonflies (Odonata,
Anisoptera), and damsel flies (Odonata, Zygoptera: Coenagrionidae)
were consumed. Five kinds of stoneflies (Plecoptera), including winter stoneflies (Capniidae), roach-like stoneflies (Peltoperlidae), perlodid stoneflies (Perlodidae), and giant stoneflies (Pteronarcyidae) were
consumed. Seven kinds of caddisfly (Trichoptera), including conical
case-maker caddisflies (Brachycentridae), elliptical case-makers
(Glossomatidae), snail case-maker caddisflies (Helicopsychidae),
net spinner caddisflies (Hydroptilidae), purse case-maker caddisflies
(Hydropsychidae), long-horn caddisflies (Leptoceridae) and northern case-maker caddisflies (Limnephilidae), were consumed.
Other organisms in the diet of Lake Roosevelt rainbow trout
included mollusks, fish, and amphibians. Mollusks included pond
snails (Gastropoda: Lymnaeidae), pouch snails (Gastropoda:
Physidae), orb (wheel) snails (Gastropoda: Planorbidae), and fingernail clams (Bivalva: Sphaeriidae). Seven kinds of fish (Osteichthyes)
were also present in their diet: minnows (Cyprinidae), suckers
(Catostomidae), bullhead (Ictaluridae) salmonids (Salmonidae),
sculpins (Cottidae), sunfishes (Centrarchidae), and juvenile yellow perch or walleye (Percidae). Amphibian tadpoles and frogs
(Anura: Bufonidae) rounded out their diet.
Rainbow trout (n = 169) at Lake Roosevelt in 1999 consumed
92% Daphnia by number (31% by weight) (McLellan et al. 2003).
In 2000, rainbow trout (n = 166) at Lake Roosevelt consumed 74%
Daphnia by number (39% by weight) (Lee et al. 2003). In 2001
rainbow trout (n = 88) at Lake Roosevelt consumed 94% Daphnia
(and other zooplankton) by number (41% by weight) (Scofield et
al. 2004). In 2002, rainbow trout (n = 212) at Lake Roosevelt consumed 90% Daphnia by number (18% by weight)(Fields et al. 2004).
In 2003, rainbow trout (n = 156) at Lake Roosevelt consumed 98%
Daphnia by number (22% by weight) (Pavlik-Kunkel et al. 2005).
In 2004, rainbow trout (n = 188) in Lake Roosevelt consumed 98%
Daphnia by number (18% by weight) (Lee et al. 2006). In all six
years rainbow trout also consumed small numbers of the same
types of aquatic insects, crustaceans, mollusks, fishes, and amphibians as described above.
In addition to those organisms, little stout crawler
(Ephemeroptera: Tricorythidae) were identified in rainbow trout
diets in 2002 ( Fields et al. 2004) and darner flies (Odonata,
Anisoptera: Aeshnidae) were identified in 1999 (McLellan et al.
2003) and 2000 (Lee et al. 2003). Prey items that contributed
substantively to weight percentage of diet from 1999 to 2004 included fish (26% in 1999, 10% in 2004 but <2% in other years),
crayfish (7% in 1999, 11% in 2002, and <1% in other years) and
snails (6% in 1999, 3% in 2000, 6% in 2001, 10% in 2002, 53% in
2003, and 28% in 2004). Results of stable isotope analysis conducted in 1999 and 2000, indicated that both wild and hatchery rainbow trout in Lake Roosevelt respectively obtained ap1116

proximately 67 and 80% of their carbon from limnetic sources
(i.e. phytoplankton → zooplankton → rainbow trout) (Black et al.
2003).
Daphnia was the main food consumed by Spokane hatchery
stock rainbow trout (n = 3,155, ages 1–4) in Medical Lake, Spokane
County, Washington between 1979 and 1985 (Knapp 1981; Knapp
and Soltero 1985; Scholz et al. 1985, 1987; Anderson 1987). Daphnia
accounted for 93 % of the diet by number and 60 % by index of relative importance. The mean number (± SD) of Daphnia per trout
stomach during this six year period was 891 ± 290. Some individual stomachs contained 3,000–4,000 Daphnia. The only other
food that contributed meaningfully to trout diets was chironomid
larvae and pupae at an average (± SD) of 31 ± 35 per trout stomach. All of the other organisms consumed by trout contributed an
average of less than one individual per trout stomach. Other organisms eaten by trout in Medical Lake included trace amounts
of segmented worms (Oligochaeta), water mites (Arachnida:
Hydracarina), scuds (Amphipoda: Gammaridae), copepods
(Eucopepoda), beetles (Coleoptera), bugs such as water boatman
and water striders (Hemiptera: Corixidae and Gerridae), damsel
flies (Odonata: Zygoptera), terrestrial insects and a few fish (Knapp
1981; Anderson 1987). The aquatic insect component of their diet
in Medical Lake was substantially less than that reported for other
eastern Washington lakes.
Medical Lake had been restored by treatment with aluminum
sulfate (alum) in 1978 just prior to conducting this study (Soltero
et al. 1980, 1981). Liquid alum pumped into the lake from a barge
chelated (bound to) soluble reactive phosphorus as it settled to the
bottom of the lake, thereby removing it from a water column A second layer of alum was added to seal the nutrients into the bottom.
The alum seal formed a flocculent layer over the bottom substrate,
which likely prevented, or at least reduced benthic invertebrate
colonization of the bottom substrate, accounting for the dearth of
aquatic insects in the trout diets. Instead, rainbow trout in Medical
Lake consumed large pelagic zooplankton almost exclusively.
Intensive size selective predation by rainbow trout in Medical
Lake on the largest zooplankton available (Daphnia sp.), resulted
in restructuring of the zooplankton community to smaller species
such as Ceriodaphnia and Bosmina that were not so efficient as
Daphnia sp. in regulating phytoplankton production (Mires 1981,
Mires and Soltero 1981).
Rainbow trout capture zooplankton by filter feeding. Daphnia
are too big to pass through the spaces between the gill rakers as
water passes from the mouth, across the gill, into the opercular
chamber during respiration. Large zooplankton that are caught on
the comb-like rakers are then shunted down the gullet. In contrast
small zooplankton such as Ceriodaphnia or Bosmina are too small
to collect on the gill rakers. Instead, they pass through the space
between the gill rakers into the opercular chamber, where they are
ejected back into the water column.
Rainbow trout growth in Medical Lake was tied to the presence
of large zooplankton (Daphnia) since they were unable to catch the
smaller species. Also, as aquatic insect abundance in the lake was
low, they were not able to switch to them as they would in other
lakes when abundance of large zooplankton was low. Initially trout
growth in Medical Lake was excellent but it gradually declined as
more trout were stocked and the large zooplankton became scarce.
Eventually, by 1981, all of the large zooplankton were consumed
and trout began to lose body weight. One cohort, that averaged

Fishes of Eastern Washington: A Natural History

Subfamily Salmoninae

0.75 kg body weight at the beginning of the growing season (April)
averaged 0.56 kg body weight by the end of the summer (August).
The fish resembled “snakes”, with big heads and slender bodies
(Knapp and Soltero 1985; Scholz et al. 1985).
Size-selective predation by rainbow trout on large zooplankton
resulted in a “trophic cascade” in Medical Lake. The small zooplankton that replaced the large zooplankton were unable to regulate phytoplankton production, which resulted in an algae bloom during the
summer of 1981. As the algae died and sank, its decay consumed
most of the oxygen in the cold thermocline of the lake, which forced
the trout into warmer surface waters that contained oxygen.
Because trout are poikilotherms, the warm water increased
their basal metabolic rate and required them to utilize stored energy reserves at a time when they had few food resources to fuel
this increase. This is the reason why they lost nearly one-third of
their body weight in four months. The fish were in such poor condition by the end of the summer that a massive trout-kill ensued.
Rainbow trout (Spokane hatchery stock) stomachs (n = 121) in
Sprague Lake, Adams and Lincoln Counties, Washington in 1986
contained an average number of 1,421 organisms, of which 81.2%
(n = 1,154/stomach) were Daphnia, 14.4% (n = 205/stomach) were
Chironomid larvae and pupae, and 3.0% (n = 42/stomach) were
amphipods (Whalen 1989; Willms et al. 1989). Because chironomids and amphipods weigh more than Daphnia, an individual
stomach contained an average 69 µg of Daphnia compared to
116 µg of chironomids and 13 µg of amphipods. In 1986, rainbow
trout stomachs at Sprague Lake also contained an average of 11
copepods, <1 water mites (Arachnida: Hydracarina), <1 mayfly
(Ephemeroptera), 5 “true bugs” (Hemiptera), <1 dragonfly/damsel
fly (Odonata), and <1 snail (Gastropoda).
Rainbow trout stomachs (n = 125) at Sprague Lake in 1987
contained an average number of 1,029 organisms, of which 72%
(n = 748/stomach) were Daphnia, 9.5% (n = 98/stomach) were chironomid larvae and pupae and 3.2% (n = 33/stomach) were amphipods (Willms 1989; Willms et al. 1989). Mosquito larvae (Diptera:
Culicidae) also contributed substantively to the diet in 1987
(n = 147/stomach or 14.4% of the numerical percentage). An average stomach contained 118 µg of Daphnia, 558 µg of Chironomids,
51 µg of Amphipods and 266 µg of mosquitoes. In 1987, rainbow
trout stomachs at Sprague Lake also contained an average of <1
leech (Hirudinea), <1 crayfish (Decapoda), 3 water mites, <1 mayfly,
<1 water boatman (Hemiptera: Corixidae), <1 dragon fly (Odonata:
Anisoptera) and <1 damsel fly (Odonata: Zygoptera).
In 1999, rainbow trout (Spokane Hatchery stock) (n = 25) in
Sprague Lake consumed 59.8 % Daphnia and 24.1% chironomids
based on index of relative importance (Taylor 2000). They also ate
many of the same taxa described in previous years plus a small
amount of fish.
Food of Spokane Hatchery stock rainbow trout (n = 39), from
67–451 mm TL, in Clear Lake (Spokane County, Washington) in
April and May 2004 was comprised almost exclusively of Daphnia
sp. (occurred in 79% of the stomachs and accounted for 98 % of the
diet by number) (Moan and Scholz 2005). Each stomach contained
on average 2,241 food items. An average of 2,204 Daphnia were
found per stomach. Other food items included scuds (Amphipoda:
Gammaridae), occurred in one stomach and accounted for 0.7%
by number 5.8% by weight, and midges (Diptera: Chironomidae)
larvae and pupae, which occurred in 28% of the stomachs and
accounted for 0.5% by number. Rainbow trout in Clear Lake

also ate water mites (Arachnida: Hydracarina), calanoid copepods (Eucopepoda: Calanoida), beetles (Coleoptera), darner
flies (Odonata, Anisoptera: Aeshnidae), damsel flies (Odonata,
Zygoptera: Coenagrionidae), and snails (Mollusca: Gastropoda).
The prey of 21 adult and 38 juvenile rainbow trout in Rock
Lake, Whitman County Washington was determined by
McLellan (2000). Rock Lake received annual plants of both
Spokane Hatchery rainbow trout and Lyons Ferry Hatchery redband steelhead. Based on index of relative importance, the most
prevalent prey in the diet of adult rainbow trout were midge larvae and pupae (Diptera: Chironomidae) (14.8%), Daphnia sp.
(9.8%), scuds (Amphipoda: Gammaridae) (8.9%) and Cyclopoid
copepods (8.0%). Other prey consumed by adult rainbow in
Rock Lake included: leeches (Hirudinea), spiders (Arachnida:
Araneida), water mites (Arachnida: Hydracarina), and crayfish
(Decapoda). Eight types of beetles (Coleoptera), including predaceous ground beetles (Carabidae), leaf beetles (Chrysomelidae),
ladybugs (Coccinellidae), weevils (Curculionidae), riffle beetles
(Elmidae), crawling water beetles (Haliplidae), scarab beetles
(Scarabaeidae), and rove beetles (Staphylinidae), occurred in
the stomachs of these trout. Four kinds of dipterans, including
mosquitoes (Culicidae), house/dung flies (Muscidae), deer flies
(Tabanidae), and crane flies (Tipulidae) were identified. Pronggill mayfly (Ephemeroptera: Leptophlebiidae) were identified. Six
kinds of true bugs (Hemiptera), including stilt bugs (Berytidae),
water boatmen (Corixidae), creeping water bugs (Naucoridae),
backswimmers (Notonectidae), assassin bugs (Reduviidae),
and shore bugs (Saldidae) were identified. Aphids (Homoptera:
Aphidae), flying ants (Hymenoptera: Formicidae), parasitic
Ichneumon wasps (Hymenoptera: Ichneumonidae), common sawflies (Hymenoptera: Tenthredinidae), butterflies (Lepidoptera),
and Spongilla flies (Neuroptera: Sisyridae) were present. Darner
flies (Odonata Anisoptera: Aeshnidae), damsel flies (Odonata
Zygoptera: Coenagrionidae), spur-throated grasshoppers
(Orthoptera: Cyrtacanthacridinae), spring stoneflies (Plecoptera:
Nemouridae), northern case-maker caddisflies (Trichoptera:
Limnephilidae), pouch snails (Gastropoda: Physidae) and sculpin
(Osteichthyes: Cottidae) were present in the stomach contents.
Juvenile rainbow trout in Rock Lake ate 24.5% midges, 24.0%
amphipods, and 6.9% spring stoneflies. Juveniles also consumed
similar types of aquatic insects, crayfish, snails and sculpins as
the adults (McLellan 2000). In many eastern Washington lakes,
stocked rainbow trout tend to feed mainly on zooplankton. High
turbidity at Rock Lake limited primary (Phytoplankton) production, which resulted in a low abundance of zooplankton in the size
ranges preferred by trout. The lack of zooplankton forced the trout
to become more omnivorous. Many of their prey were terrestrial
insects that ended up in the lake.
Spokane Hatchery stock rainbow trout (n = 38, 155–453 mm TL)
in Deer Lake, Stevens County, Washington in 1985 consumed
30% midges (Chironomidae), 16% cladocerans (Daphnia), and
10% copepods (numerical percentages) (Scholz et al. 1988). They
also ate water mites (Hydracarina), scuds (Amphipoda), beetles
(Coleoptera), bugs (Hemiptera), butterflies (Lepidoptera), caddisflies (Trichoptera) and terrestrial insects.
Spokane Hatchery stock rainbow trout (n = 21, 152–281 mm TL)
in Loon Lake, Stevens County, Washington in 1985, ate 61% midges
(Chironomids), 20.3% Daphnia sp., 5% copepods and 20% snails
(numerical percentages) (Scholz et al. 1988). They also ate wa-
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ter mites, scuds, bugs, damsel flies (Odonata: Zygoptera), snails
(Gastropoda) and terrestrial insects.
Rainbow trout occurred sympatrically with kokanee in both
Loon and Deer Lakes. Kokanee are more efficient planktivores
than rainbow, so rainbow diet in these lakes may have shifted to
utilize alternative prey. At Loon Lake, kokanee stomachs contained
an average of 1,521 Daphnia and 696 copepods whereas rainbow
trout stomachs contained an average of 4 Daphnia and 8 copepods
(Scholz et al. 1988). At Deer Lake, kokanee stomach contained an
average of 4,788 Daphnia and 41 copepods whereas rainbow trout
stomachs contained an average of 98 Daphnia and 4 copepods
(Scholz et al. 1988). Both kokanee and rainbow trout grew better in
Deer Lake than Loon Lake. For example, age 4 kokanee averaged
(±SD), 450 (±14) mm TL and 898 (±94) g in Deer Lake compared
to 245 (±13) mm TL and 132 (±28) g in Loon Lake. Age 4 rainbow
trout averaged 303 (±9) mm TL and 299 (±10) g in Deer Lake compared to 232 (±21) mm TL and 116 (±20) g in Loon Lake. Kokanee
were more abundant in Loon Lake than Deer Lake.
The diet of rainbow trout in Moses Lake, Grant County,
Washington was comprised of 47% Daphnia, 17% fish (yellow
perch, sculpin and bluegill), and 14% Diptera by weight (Burgess
2003). Their stomachs also contained water mites (Hydracarina),
scuds (Crustacea: Amphipoda), other zooplankton (Cladocera:
Leptodora spp., Bosmina spp.; Copepoda), beetles (Coleoptera),
mayflies (Ephemeroptera), true bugs (Hemiptera), dragonflies and
damsel flies (Odonata), stoneflies (Plecoptera), unidentified insect parts, snails (Mollusca: Gastropoda), vegetation and detritus
(Burgess 2003).
Rainbow trout (n = 110) in Banks Lake, Grant County,
Washington consumed 60.7% insects, 22.9% Daphnia, 11.1%
other zooplankton (types not specified), and 2.5% fish (Polacek
et al. 2003). Types of fish consumed included sculpins (Cottidae,
Salmonidae) and unidentifiable fish remains, which respectively
accounted for 1.8, 0.3 and 0.4% of the numerical abundance.
Rainbow trout (n = 3) in the Box Canyon Reservoir of
the Pend Oreille River consumed 73% midge larvae/pupae
(Diptera: Chironomidae), 21% damsel flies (Odonata Zygoptera:
Coenagrionidae) and pond skimmer (blue wing) dragonflies (Odonata, Anisoptera: Libellulidae), and 3% mayflies
(Ephemeroptera: Baetidae), and 3% giant case-maker caddisflies
(Trichoptera: Phryganeidae) based on index of relative importance
(Ashe and Scholz 1992). Box Canyon Reservoir has a short water
retention time (1–4 days), so zooplankton do not have a chance
to become established there like they do in Lake Roosevelt, where
typical water retention time is about 30–45 days (up to 90–115 days
during the summer). Water retention time is the time it takes a
particle of water to travel from the head of the reservoir over the
dam.
Flying ants (Hymenoptera: Formicidae) and parasitic
Ichneumon wasps (Hymenoptera: Ichneumonidae) were the
most abundant prey in the diet of rainbow trout (n = 10) in Ruby
Creek, a tributary of Box Canyon Reservoir (Clark 1991; Ashe et
al. 1991; Ashe and Scholz 1992). These two items accounted for
56% of the relative abundance of the stomach contents. Ruby
Creek rainbow also ate spiders (Arachnida: Araneida) water mites
(Arachnida: Hydracarina), five kinds of beetles (Coleoptera) including leaf beetles (Chrysomelidae), dermestid (carrion) beetles
(Dermestidae), click beetles (Elateridae), riffle beetles (Elmidae)
and water scavenger beetles (Hydrophilidae); four kinds of “true
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flys” (Diptera) including biting midges (Ceratopogonidae), midges
(Chironomidae), black flies (Simulidae) and gnats (Syriphidae);
three kinds of mayflies (Ephemeroptera) including armored mayflies (Baetidae), spiny crawler mayflies (Ephemerellidae), and flathead mayflies (Heptageniidae); aphids (Homoptera: Aphidae);
aquatic caterpillars (Lepidoptera: Pyralidae), butterfly/moth
(Lepidoptera); two kinds of stoneflies (Plecoptera) including spring
stoneflies (Nemouridae) and perlodid stoneflies (Perlodidae); and
five kinds of caddisflies (Trichoptera) including conical casemakers (Brachycentridae), elliptical case-makers (Glossomatidae),
net-spinners
(Hydropsychidae),
northern
case-makers
(Limnephilidae) and free living caddisflies (Rhyacophilidae).
Flying ants (Hymenoptera: Formicidae) and fish were the most
important items in the diet of 11 rainbow trout (104–430 mm TL)
from Sullivan Lake, Pend Oreille County, Washington (Nine 2005;
Nine and Scholz 2005). Types of fish eaten included juvenile burbot, redside shiner and slimy sculpin. Rainbow trout stomachs at
Sullivan Lake also contained midges (Diptera: Chironomidae), leaf
hoppers (Homoptera: Cicadellidae), bees (Hymenoptera: Apidae),
dragon fly (Odonata: Anisoptera), grasshoppers (Orthoptera),
snails (Gastropoda: Physidae), unidentifiable fish remains and unidentifiable aquatic and terrestrial insect parts.
Diet of rainbow trout (n = 14, age 1–4) in the Spokane River
between Nine Mile and Monroe Street dams was determined
by Kleist (1987). Most of the fish were caught in a free flowing
section of the river above the head of Nine Mile Reservoir. Net
spinning caddisflies (Trichoptera: Hydropsychidae) comprised
46.2% of the stomach contents by number, followed by armored mayflies (Ephemeroptera: Baetidae) at 17.3% and midges
(Diptera: Chironomidae) at 11.5%. Other items in the stomachs included 0.1% round worms (Nematoda), 0.2% black flies
(Diptera: Simulidae), 6.8% craneflies (Diptera: Tipulidae), 8.5%
unidentified dipterans, 0.3% Hemiptera (bugs), 1.4% aquatic caterpillars (Lepidoptera: Pyralidae), 0.1% pouch snails (Gastropoda:
Physidae), and 0.5% fish. The fish were minnows (Cyprinidae) and
suckers (Catostomidae), found only in age 4 rainbow trout. These
trout also consumed 6.4% terrestrial insects, including flying ants
(Formicidae) and wasps (Ichneumonidae), beetles (Coleoptera)
and spiders (Arachnidae).
Rainbow trout (n = 55, 55–430 mm, age 0–5) in Chamokane
(or Tshimakain) Creek, Stevens County, Washington consumed
58 taxa of aquatic insects and invertebrates (Geist et al. 1988). The
most prevalent prey in the diet was Diptera (24.3%) and mayflies
(15%) based on index of relative importance. Nine kinds of dipterans occurred in the diet: Anthomyiidae (predatory dung flies),
Chironomidae (midges), Ephydridae (shore flies), Psychodidae
(moth flies), Sciomyzidae (marsh flies), Simulidae (black flies),
Stratiomyidae (soldier flies), Tabanidae (horse/deer flies), and
Tipulidae (crane flies). Chironomid larvae and pupae accounted
for 13%, crane flies for 6%, and black flies for 4% of the relative
importance. Five kinds of mayflies (Ephemeroptera) were found in
the trout stomachs: Baetidae (armored may flies), Ephemerellidae
(spiny crawler mayflies), Heptageniidae (flat headed mayflies),
Leptophlebiidae (prong-gill mayflies), and Tricorythidae (little
stout crawler mayflies).
Other prey consumed by rainbow trout in Chamokane Creek
included flatworms (Platyhelminthes, Turbellaria, Tricladida:
Planaridae); roundworms (Nematoda); earthworms (Annelida,
Oligochaeta: Lumbriculidae); leeches (Annelida: Hirudinea),

Fishes of Eastern Washington: A Natural History

Subfamily Salmoninae

water mites (Arachnida: Hydracarina), and two types of scuds
(Amphipoda), including freshwater shrimp (Gammaridae) and
shore hopper (Talitridae). Eleven kinds of beetles (Coleoptera)
were identified in the Chamokane Creek rainbow trout stomachs: boring beetles (Buprestidae), leaf beetles (Chrysomelidae),
weevils (Curculionidae), diving beetles (Dytiscidae), click beetles
(Elateridae), riffle beetles (Elmidae), whirligig beetles (Gyrinidae),
crawling water beetles (Haliplidae), water scavenger beetles
(Hydrophilidae), scarab beetles (Scarabaeidae), and rove beetles
(Staphylinidae). Seven kinds of bugs (Hemiptera) were identified: minute pirate bugs (Anthocoridae), squash bugs (Coreidae),
water boatman (Corixidae), water striders (Gerridae), plant
bugs (Miridae), backswimmers (Notonectidae), and shore bugs
(Saldidae). Aphids (Homoptera: Aphidae) and cicadas (Homoptera:
Cicadidae) were present. Flying ants (Hymenoptera: Formicidae)
were seasonally important in the spring and overall accounted
for 4% of the annual relative importance. Aquatic caterpillars
(Lepidoptera: Pyralidae) and four kinds of stoneflies (Plecoptera)
were identified: green stoneflies (Chloroperlidae), spring stoneflies
(Nemouridae), perlodid stoneflies (Perlodidae), and giant stoneflies or salmon flies (Pteronarcyidae). Snails (Gastropoda) contributed 4% to the annual relative abundance. Three kinds were
identified in the stomach contents: pond (Lymnaeidae), pouch
(Physidae) and orb/wheel (Planorbidae) snails. Fish, including
sculpin (Cottidae) and minnows (Cyprinidae) rounded out the
diet of Chamokane Creek rainbow.
Chamokane Creek had a diverse and abundant benthic macroinvertebrate community (O’Laughlin et al. 1988; O’Laughlin
1989), which is reflected by the large number of taxa consumed
by rainbow trout. Maintaining stream flow during the late summer is critical to maintain water over the riffle habitat in which
many of the insects are produced. Hence, the instream flow incremental method (IFIM) was used to identify the minimum stream
flows needed to maintain invertebrate production (O’Laughlin et
al. 1988; O’Laughlin 1999), and the various life stages of the trout
(Barber 1988; Barber et al. 1988) in Chamokane Creek. It was determined that the minimum flow in the creek had to be 27 CFS to
protect the aquatic biota.
Ten rainbow trout, 90–301 mm TL, sampled in California Creek,
tributary of Latah (Hangman) Creek, Spokane River Basin, in May
2001 consumed Coleoptera (beetles) Diptera (Chironomids),
Ephemeroptera (mayflies), Odonata (dragonflies), Plecoptera
(stoneflies), Trichoptera (caddisflies), gastropods (snails) and fish
eggs (Scholz 2002). Rainbow trout appeared to be opportunistically preying on eggs of bridgelip sucker; which accounted for
69.8% of the numerical frequency, 49.0% of the weight frequency
and 49.8% of the relative importance index. A fluvial run of bridgelip sucker from Latah Creek entered and spawned in the lower one
kilometer of California Creek. Their eggs were broadcast over
the substrate. Stomachs of all rainbow trout collected over these
spawning grounds were packed with bridgelip sucker eggs.
Diet of redband variety rainbow trout (n = 115, 60–211 mm TL) at
Tonata Creek, Okanogan County, Washington was analyzed in 1998
(Kautzman 2004). They consumed a variety of aquatic insects, with
the two most dominant being armored mayflies (Ephemeroptera:
Baetidae) and midges (Diptera: Chironomidae). The mayflies had
the highest numerical percentage and relative importance index
value (17.0% and 10.2% respectively). The Tonata Creek redband
also consumed free living flatworms (Platyhelminthes, Turbellaria:

Tricladida), earthworms (Annelida, Oligochaeta: Lumbriculidae),
water mites (Arachnida: Hydracarina), and two kinds of springtails (Collembola: Entomobryidae and Sminthuridae). Seven kinds
of beetles (Coleoptera) were identified: weevils (Curculionidae),
diving beetles (Dytiscidae), riffle beetles (Elmidae), whirligig beetles (Gyrinidae), crawling water beetles (Haliplidae),
water scavenger beetles (Hydrophilidae), and rove beetles
(Staphylinidae). Ten kinds of flies (Diptera), in addition to chironomids, were identified: snipe flies (Athericidae), biting midges
i.e., ‘no-see-ums’ (Ceratopogonidae), mosquitoes (Culicidae),
dixid midges (Dixidae), dance flies (Empididae), Glutops craneflies (Pelecorhynchidae), moth flies (Psychodidae), marsh flies
(Sciomyzidae), black flies (Simulidae), and crane flies (Tipulidae).
Two kinds of mayflies (Ephemeroptera), in addition to Baetidae,
were identified: spiny crawler mayflies (Heptageniidae), and primitive minnow mayflies (Siphlonuridae). Two kinds of moths/butterflies (Lepidoptera) were identified: noctuid moths (Noctuidae) and
aquatic caterpillars (Pyralidae). Six kinds of stoneflies (Plecoptera)
were identified: winter stoneflies (Capniidae), green stoneflies
(Chloroperlidae), rolled wing stoneflies (Leuctridae), spring stoneflies (Nemouridae), common stoneflies (Perlidae), perlodid stoneflies (Perlodidae). Ten kinds of caddisflies (Trichoptera) were identified: conical case-makers (Brachycentridae), elliptical case-makers
(Glossomatidae), net spinners (Hydropsychidae), bizarre caddisflies (Lepidostomatidae), long-horn caddisflies (Leptoceridae),
northern case-makers (Limnephilidae), finger-net caddisflies
(Philopotamidae), free-living caddisflies (Rhyacophilidae), and
ueneoid case-makers (Uenoidae). Terrestrial insects were also
found in the diet of Tonata Creek redband trout.
Lake Chelan is a deep (maximum depth = 453 m; average
depth = 43 m) lake on the eastern slopes of the north Cascades in
Chelan County, Washington. The lakes is ultra-oligotrophic with
little primary or secondary production, consequently, most of the
food obtained by rainbow trout in Lake Chelan is of terrestrial origin. In 1981, the predominant food of rainbow trout (n = 34) in Lake
Chelan, was terrestrial insects, especially adult midges. Opossum
shrimp (Mysis relicta) and small fish larvae (newly hatched burbot) also contributed in their diet (Brown 1984). In 1982, the diet
of rainbow trout (n = 34) in Lake Chelan was composed of 79% insects (Brown 1984). Insects of terrestrial origin outnumbered those
of aquatic origin by about 5 to 1 (Brown 1984). Over 49% of their
diet (by count) consisted of ants (Hymenoptera: Formicidae).
In 1982, the rainbow trout in Lake Chelan consumed a combined total of 1,074 organisms of aquatic origin, including: 1 scud
(Amphipoda), 1 water flea (Cladocera), 100 calanoid copepods,
12 opossum shrimp (Mysis relicta), 1 water beetle (Coleoptera:
Dytiscidae), 7 water scavenger beetles (Coleoptera: Hydrophilidae),
2 net winged midges (Diptera: Blephariceridae), 1 biting midge
or no-see-um (Diptera: Ceratopogonidae), 680 common midges
(Diptera: Chironomidae), 8 dance flies (Diptera: Empididae), 1
black fly (Diptera: Simulidae), 87 crane flies (Diptera: Tipulidae),
6 unidentified Diptera, 2 armored mayflies (Ephemeroptera:
Baetidae), 4 burrowing mayflies (Ephemeroptera: Ephemeridae),
2 flat headed mayflies (Ephemeroptera: Heptageniidae), 4 primitive minnow mayflies (Ephemeroptera: Siphlonuridae), 14
unidentified mayflies (Ephemeroptera), two backswimmers
(Hemiptera: Notonectidae), 1 shore bug (Hemiptera: Saldidae), 2
noctuid moths (Lepidoptera: Noctuidae), 5 dragonflies/damselflies (Odonata), 24 green stoneflies (Plecoptera: Chloroperlidae),
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two giant stoneflies or salmon flies (Plecoptera: Pteronarcyidae),
4 unidentified stoneflies (Plecoptera), 5 net spinning caddisflies
(Trichoptera: Hydropsychidae), 16 northern case-maker caddisflies
(Trichoptera: Limnephilidae), 5 free-living caddisflies (Trichoptera:
Rhyacophilidae), 9 unidentified caddisflies (Trichoptera), 24 insect
eggs, 34 fish larvae, (primarily burbot Lota lota), and 7 fish eggs
(bait) (Brown 1984).
These same 34 fish also consumed a total of 3,442 organisms of
terrestrial origin, including: 19 spiders (Arachnida: Araneida), 71
ticks (Arachnida: Arcarina), 16 millipedes (Diplopoda), 9 combclawed beetles (Coleoptera: Alleculidae), 8 predaceous ground
beetles (Coleoptera: Carabidae), 13 longhorn beetles, e.g. Douglas
fur boring beetle (Coleoptera: Cerambycidae), 90 leaf beetles
(Coleoptera: Chrysomelidae), 14 ladybug beetles (Coleoptera:
Coccinellidae), 204 click beetles (Coleoptera: Elateridae), 1
hister beetle (Coleoptera: Histeridae), 2 stag beetles (Coleoptera:
Lucanidae), 16 scarab beetles (Coleoptera: Scarabaeidae), 34 bark
beetles (Coleoptera: Scolytidae), 1 darkling beetle, e.g., mealworm
(Coleoptera: Tenebrionidae), 114 March flies or ‘love bugs’ (Diptera:
Bibionidae), 7 fungus gnats (Diptera: Mycetophilidae), 7 scarid
flies (Diptera: Sciaridae), 114 hover flies (Diptera: Syriphidae),
44 unidentified terrestrial dipterans, 57 negro bugs (Hemiptera:
Cormelaenidae), 126 seed bugs (Hemiptera: Lygaeidae), 6 assassin bugs (Hemiptera: Reduviidae), 109 unidentified hemipterans,
13 leaf hoppers (Homoptera: Cicadellidae), 21 unidentified aphids
(Homoptera: Aphidae), 2,321 ants (Hymenoptera: Formicidae), 16
bees (Hymenoptera: Apidae), 96 unidentified hymenopterans, 2
snake flies (Neuroptera: Inocellidae), and 2 bark lice (Psocoptera:
Psocidae) (Brown 1984).
Irvine and Northcote (1982) examined the food habits and
feeding behavior of native Gerard Kamloops redband trout fry in
the Lardeau River, British Columbia. The Lardeau River, flows out
of Trout Lake downstream 65 km to Kootenay Lake, so the trout
fry had access to zooplankton that entrained out of Trout Lake.
Fry aggressively attacked drifting organisms and rarely fed off the
bottom. The smallest (youngest) fry consumed large zooplankton
(mainly Daphnia and the large calanoid copepod Epischura nevadensis) and avoided small zooplankton (Bosmina longirostris).
As the fry grew, drifting insects became the dominant prey. Since
the fry expended about the same amount of energy to locate, capture and subdue both large (insects) and small (zooplankton) prey,
but obtained more calories from an insect than a zooplankton, this
shift in the diet resulted in greater efficiency and allowed more energy to be stored in growth.
Native adfluvial Kamloops rainbow trout were the only fish species present in Paul Lake, British Columbia until about 1945, when
redside shiner became accidentally established and their population exploded. Historically (before 1945) adult Kamloops trout
in Paul Lake fed mainly on zooplankton in the pelagic zone and
amphipods (Gammarus) in the littoral zone (Mottley and Mottley
1932; Rawson 1934; Larkin and Smith 1954; Crossman 1959).
Initially, redside shiner began to compete with trout for Gammarus
and zooplankton, causing reduced trout growth and CPUE of trout
in angler creels (Larkin and Smith 1954; Johannes and Larkin 1961).
By 1950, trout ≥250 mm TL had begun to consume redside shiner.
By 1956, 90% of the diet of trout ≥350 mm TL was composed of redside shiner (Crossman 1959; Crossman and Larkin 1959). During
the summer redside shiner were distributed along the shoreline
during the day (where temperatures were too high for trout) but
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made diurnal movements offshore at night to feed on zooplankton
in the pelagic zone. As they approached the edge of shallow littoral
zone where water depth decreased rapidly, they were subjected to
predation by adult trout. The trout were situated in deep water (in
the cold water of the thermocline) along the edge of the drop off.
As the redside passed over the drop off into the pelagic zone they
were easy targets for the trout, which made short excursions out of,
and then back to, the cooler water to prey on them.
Johannes and Larkin (1961) identified redside shiner predation
on the amphipod Gammarus as a key initial step in establishing
these interactions. Overgrazing of small Gammarus in shallow water by large schools of redside shiner reduced the abundance of
Gammarus in the lake and forced a shift in the diet of both the
trout and the shiners themselves to compensate for this lost food
resource.
In 1931, trout stomachs contained an average of 167 amphipods
that comprised about 40% of the stomach contents by volume
(Mottley and Mottley 1932; Rawson 1934). By 1949 trout stomachs
contained 9.4% amphipods by volume and by 1957 they had practically disappeared from trout diets (Crossman and Larkin 1959).
The frequency of occurrence of amphipods in trout diets declined
progressively from 1931 to 1957. Amphipods were found in 30–58%
of the trout stomachs examined from 1931–1933, in about 10–20%
of the trout stomachs examined from 1947–1949, and 1–2% of the
trout stomachs examined from 1956–1957 (Johannes and Larkin
1961).
In their classic paper published in 1961, Johannes and Larkin
conducted pen feeding experiments with both rainbow trout and
redside shiner. Three pens were used: one containing 10 trout
(76–150 mm TL), one containing 10 redside shiner (38–76 mm TL),
and one with no fish (control). Five hundred Gammarus (of different sizes) were released in each pen and predation rates examined.
Within 24 hours the number of Gammarus recovered was 119 in
the pen containing the trout, 105 in the pen containing the redside
shiner, and 315 in the pen containing no fish. The Gammarus left
in the pen containing redside shiners were 3 times as large as those
remaining in the pen containing the trout.
Behavioral observations in the field at Paul Lake in 1957 and
1958 indicated that juvenile trout and redside shiner were often
seen in each others company pursuing Gammarus in shallow (0.7–
2.5 m deep) littoral habitat (Johannes and Larkin 1961). No interspecific aggression between the two fish was observed, but the redside shiner appeared more focused and methodical than the trout
in their pursuit of Gammarus. Redside shiners pursued Gammarus
into the weeds while trout hovered at the edges or above the weed
beds waiting for Gammarus to come out. Redside shiner searched
in schools “eating every Gammarus near them that was visible
to the observer” as well as those that were too small for the human observer to detect. In contrast, the trout fed as individuals
on larger-sized Gammarus, making random darting movements,
“often ignoring amphipods close by and rushing after others further
away. The observer could invariably see the objects on which [the
trout] were feeding.” The redside shiners appeared to expend less
energy than the trout, making about half the darting movements
to catch Gammarus as trout did.
Collectively, these results suggested that prior to the introduction of redside shiner in Paul Lake, rainbow trout consumed mainly
larger Gammarus both inshore and in the open waters of the lake,
but probably did not pursue small Gammarus or even large ones
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into protective weed beds. Thus, shallow water weed beds acted as
a refuge for Gammarus, which helped to maintain their populations in the lake. After introduced redside shiners pursued them
into their refuge and began to eat the small ones, Gammarus abundance in the lake began to decline. This caused the trout, which
had depended on Gammarus for about half their annual food supply to loose weight and forced them to switch to alternative food.
At the same time, redside shiner were increasing in abundance. As
the supply of Gammarus continued to diminish, the redside shiner
had to switch to a different supply of food, i.e. large zooplankton
which were more abundant in the pelagic zone. Exploitation of
zooplankton required the redside shiner to make daily migrations
into the pelagic zone at night, which brought them into direct contact with large, hungry trout. The trout began to utilize the redside
shiner as an alternative food for Gammarus. Because redside shiners have a higher caloric content than Gammarus, the growth of
trout was restored.
Christenson et al. (2008) analyzed the stomachs of 106 rainbow trout, 195–450 mm TL, collected in North Twin Lakes, Ferry
County in 2004 and 2005. Chaoborus, a dipteran midge, occurred
in 90 stomachs with a relative importance index of 40%. Daphnia
pulicaria, a cladoceran zooplankton, occurred in 86 stomachs with
a relative importance index value of 37%. Golden shiner occurred
in 4 stomachs with a relative importance index value of 4%. North
Twin Lakes rainbow trout also consumed smaller numbers of scuds
(Amphipoda), beetles (Coleoptera), mayflies (Ephemeroptera),
caddisflies (Trichoptera), alderflies (Megaloptera), dragonflies
(Odonata: Anisoptera), damselflies (Odonata: Zygoptera), leaches
(Hirudinea), segmented worms (Annelida), snails (Gastropoda),
and clams (Bivalva).
Food habits of rainbow trout (n = 28, 211–389 mm TL), stocked
into Chopaka Lake, Okanogan County, from WDFW’s Omak Fish
Hatchery, were determined in April–October 1973 by Williams
(1974). These rainbow consumed zooplankton in the pelagic
zone, scuds and aquatic insects in vegetated littoral shoreline areas, and pupating aquatic insects along with terrestrial insects on
the surface. The following types of prey were consumed, ranked
in order (highest to lowest) based on their volume in the stomachs: zooplankton (Daphnia), midge larvae and pupae (Diptera:
Chironomidae), scuds (Amphipoda: Gammarus), vegetation
(the trout presumably ate plant material incidentally while preying on Gammarus in beds of macrophytes), damselfly (Odonata:
Zygoptera), mayfly nymphs and adults (Ephemeroptera), and terrestrial insects.
Diet of resident rainbow trout (n = 40, 55–264 mm FL) in
Mill Creek, tributary of the Walla Walla River, Walla Walla
County, Washington consisted of 4.4% spiders (Arachnida:
Araneida), 0.4% water mites (Arachnida: Hydracarina), 0.4%
seed shrimp (Crustacea: Ostracoda), 3.4% beetles (Coleoptera),
34.6% flies (Diptera), 24.1% mayflies (Ephemeroptera), 0.8% bugs
(Hemiptera), 2.1% aphids (Homoptera), 8.9% ants/bees/wasps
(Hymenoptera), 4.6% butterflies/moths (Lepidoptera), 5.4% stoneflies (Plecoptera), 8.3% caddisflies (Trichoptera), and 1.5% snails
(Gastropoda) (Martin 1992; Martin et al. 1992; Underwood et al.
1994; Underwood 1996).
Diet of juvenile steelhead (anadromous rainbow) trout (n = 10)
in Mill Creek was composed of 1.5% Coleoptera, 3.8% Diptera,
36.8% Ephemeroptera, 6.8% Lepidoptera, 6.2% Plecoptera, 3.9%
Trichoptera, and 40.7% terrestrial insects (Martin 1992; Martin et

al. 1992). Diet of adult steelhead (n = 6) in Mill Creek was composed of 1.8% Diptera, 9.8% Ephemeroptera, 7.4% Plecoptera, 1.6%
Trichoptera, 33.7% terrestrial insects, 28.4% Gastropoda and 17.3%
fish. (Martin 1992; Martin et al. 1992). All of the fish consumed
were sculpins (Cottidae).
Types of Coleoptera consumed by resident rainbow and
steelhead rainbow trout in Mill Creek included: leaf beetles
(Chrysomelidae), checkered beetles (Cleridae), riffle beetles
(Elmidae) and water scavenger beetles (Hydrophilidae). Types
of Diptera included: robber/assassin flies (Asilidae), march
flies or ‘love bugs’ (Bibionidae), gall midge (Cecidomyiidae),
biting midges or ‘no-see-ums’ (Ceratopogonidae), midges
(Chironomidae), dance flies (Empididae), house/dung flies
(Muscidae), Glutops craneflies (Pelecorhynchidae), and crane flies
(Tipulidae). Types of Ephemeroptera included: armored mayflies
(Baetidae), spiny crawler mayflies (Ephemerellidae), flat headed
mayflies (Heptageniidae), prong gill mayflies (Leptophlebiidae),
and primitive minnow mayflies (Siphlonuridae). Macroveliidae
(semi-aquatic bug) was the only type of Homopteran identified.
Cicadellidae (leaf hopper) was the only type of Homopteran identified. Types of Hymenoptera included: flying ants (Formicidae),
Ichneumon wasps (Ichneumonidae), and paper/potter wasps
(Vespidae). Types of Plecoptera included: green stoneflies
(Chloroperlidae), spring stoneflies (Nemouridae), and common stoneflies (Perlidae), Types of Trichopterans included:
conical case-makers (Brachycentridae), elliptical case-makers
(Glossomatidae), net spinners (Hydropsychidae), long-horn caddisflies (Leptoceridae), northern case-makers (Limnephilidae), and
free-living caddisflies (Rhyacophilidae).
Diet of rainbow trout (n = 39, 37–250 mm) in the Wolf Fork
of the Touchet River, Columbia County, Washington consisted of
8.4% worms (Oligochaeta), 2.3% spiders (Arachnida: Araneida),
1.6% millipedes (Diplopoda), 2.5% beetles (Coleoptera), 14.6% flies
(Diptera), 37.8% mayflies (Ephemeroptera) 4.8% ants/bees/wasps
(Hymenoptera), 3.5% stoneflies (Plecoptera), 19.3% caddisflies
(Trichoptera), and 2.3% snails (Gastropoda) (Martin 1992; Martin
et al. 1992; Underwood et al. 1994; Underwood 1996). Diet of juvenile steelhead trout (n = 9) in the Wolf Fork was composed of 0.5%
Coleoptera, 4.4% Diptera, 33.9% Ephemeroptera, 8.2% butterflies
(Lepidoptera), 16.1% Plecoptera, 11.1% Trichoptera and 25.8% terrestrial insects (Martin 1992; Martin et al. 1992).
Types of Coleoptera consumed by resident and steelhead
rainbow trout in the Wolf Fork included riffle beetles (Elmidae)
and water scavenger beetles (Hydrophilidae). Types of Diptera
included: predatory dung flies (Anthomyiidae), robber/assassin flies (Asilidae), midges (Chironomidae), Glutops craneflies (Pelecorhynchidae), black flies (Simulidae), and craneflies
(Tipulidae). Types of mayflies (Ephemeroptera) included: armored
mayflies (Baetidae), spiny crawler mayflies (Ephemerellidae) and
flat headed mayflies (Heptageniidae). Flying ants (Formicidae)
were the only type of Hymenoptera identified. Types of stoneflies
(Plecoptera) included: green stoneflies (Chloroperlidae), spring
stoneflies (Nemouridae) and perlodid stoneflies (Perlodidae).
Types of caddisflies (Trichoptera) included: conical case-makers
(Brachycentridae), elliptical case-makers (Glossomatidae), netspinners (Hydropsychidae), long-horn caddisflies (Leptoceridae)
and free-living caddisflies (Rhyacophilidae).
Diet of rainbow trout (n = 39, 34–206 mm FL) in the Tucannon
River, Columbia and Garfield Counties, Washington consisted of
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5.9% segmented worms (Oligochaeta), 2.2% spiders (Arachnida:
Arancida), 2.0% millipedes (Diplopoda), 3.9% beetles (Coleoptera),
18.3% flies (Diptera), 18.0% mayflies (Ephemeroptera), 0.3% bugs
(Hemiptera), 3.2% aphids (Homoptera), 7.8% ants/bees/wasps
(Hymenoptera), 3.9% butterflies/moths (Lepidoptera), 4.8% stoneflies (Plecoptera), and 21.5% caddisflies (Trichoptera) (Martin 1992;
Martin et al. 1992; Underwood et al. 1994; Underwood 1996). Diet
of juvenile steelhead trout (n = 9) in the Tucannon River was composed of 0.7% Coleoptera, 5.4% Diptera, 22.4% Ephemeroptera,
25.9% Plecoptera, 12.4% Trichoptera, 15.3% terrestrial insects and
9.1% fish, all sculpin (Cottidae).
Types of Coleoptera consumed by resident and steelhead
rainbow trout in the Tucannon River (Martin 1992; Martin et al.
1992) included: predaceous ground beetles (Carabidae), weevils (Curculionidae), riffle beetles (Elmidae), water scavenger
beetles (Hydrophilidae), and rove beetles (Staphylinidae). Types
of Diptera included: robber/assassin flies (Asilidae), march flies,
i.e. ‘love bugs’ (Bibionidae), gall midges (Cecidomyiidae), midges
(Chironomidae), house/dung flies (Muscidae), Glutops crane
flies (Pelecorhynchidae), black flies (Simulidae) and crane flies
(Tipulidae). Macroveliidae (semi-aquatic bug) was the only type of
Hemiptera identified. Cicadellidae (leaf hopper) was the only type
of Homoptera identified. Types of Hymenoptera included: flying
ants (Formicidae), Ichneumon wasps (Ichneumonidae), common
sawflies (Tenthredinidae), and paper/potter wasps (Vespidae).
Types of Plecoptera included: green stoneflies (Chloroperlidae),
spring stoneflies (Nemouridae) and perlodid stoneflies
(Perlodidae). Types of Trichoptera included: conical case-makers
(Brachycentridae), elliptical case-makers (Glossomatidae), netspinners (Hydropsychidae), long-horn caddisflies (Leptoceridae)
and free-living caddisflies (Rhyacophilidae).
Viola and Schuck (1991) collected data on the food habits of
rainbow trout (n = 15) and residualized steelhead (n = 36) in the
Tucannon River. The purpose of this study was to specifically to
determine if either resident rainbow or residualized steelhead in
the Tucannon River ate significant numbers of Chinook salmon
smolts that were being stocked there. In the case of the rainbow
trout, 3 contained sculpin, 5 contained beetles, 1 contained a midge,
2 contained mayflies, 12 contained caddisflies, 7 contained ants,
bees, or wasps, 10 contained stoneflies, 2 contained oligochaeta
worms, 2 contained decapod crustaceans, and 1 was empty. In the
case of the residualized steelhead, 7 stomachs contained sculpins,
13 contained beetles, 8 contained caddisflies, 1 contained a butterfly, 13 contained ants, bees, or wasps, 2 contained oligochaeta
worms, 3 contained snails, 1 contained a grasshopper, 3 contained
decapods, 4 contained bugs, and 9 were empty. Thus, neither resident rainbow nor steelhead ate many (if any) Chinook.
Food habits of age 0+ steelhead trout (n = 194, 53–102 mm TL) in
six tributaries of the Clearwater River, Idaho were reported by Johnson
(1985). Juvenile steelhead in these streams consumed on average
(range) 65.8% (42.3–89.9%) aquatic organisms and 34.2% (10.1–57.7%)
terrestrial organisms. The averages for aquatic organisms included 1.2%
crayfish (Decapoda: Astacidae), 25.8% midge larva and pupae (Diptera:
Chironomidae), 0.4% Dixid midge (Diptera: Dixidae), 1.4% dung eating
beetles (Diptera: Scatophagidae), 1.6% craneflies (Diptera: Tipulidae),
13.8% armored mayflies (Ephemeroptera: Baetidae), 0.7% flat headed
mayflies (Ephemeroptera: Heptageniidae), 1.2% unidentified mayflies,
2.4% perlodid stone flies (Plecoptera: Perlodidae, 11.4% net-spinning
caddisflies (Trichoptera: Hydropsychidae), 0.8% unidentified stone1122

flies, 1.3% pouch snails (Gastropoda: Physidae), and 4.0% “miscellaneous”. Chironomids, armored mayflies and net spinning caddisflies
were the only organisms consumed by trout in each of the six streams.
The average for terrestrial organisms included: 2.4% earthworms
(Annelida), 5.4% spiders (Arachnidae), 6.5% beetles (Coleoptera), 1.6%
earwigs (Dermoptera), 1.3% “flies” (Diptera), 4.0% bugs (Hemiptera),
8.7% aphids (Homoptera), 3.7% ants/bees/wasps (Hymenoptera), 1%
grasshoppers (Orthoptera) and 0.5% “miscellaneous.” No terrestrial
taxa were consumed by the trout in all six tributaries. These trout fed
mainly on drifting organisms in riffles during the day.
Gut contents of 14 rainbow/steelhead trout, 227–383 mm FL, in
the Hanford Reach of the Columbia River contained 36 percent
caddisflies (larvae and adults in equal amounts) and 15 percent
scarab beetles (Coleoptera: Scarabaeidae) by volume (Gray and
Dauble 1976b). Additionally, these stomachs contained round
worms (Nematoda), spiders (Arachnida); predaceous ground
beetles (Coleoptera: Carabidae); earwigs (Dermoptera); robber flies (Diptera: Asilidae), pupae and adult midges (Diptera:
Chironomidae), black fly larvae (Diptera: Simulidae); water
boatman (Hemiptera: Corixidae), back swimmers (Hemiptera:
Notonectidae); aphids (Homoptera: Aphidae); dragonfly/damsel
fly larvae (Odonata); grasshoppers (Orthoptera); unidentified fish
and organic detritus (Gray and Dauble 1976b).
Rainbow/steelhead trout (n = 819, with 145 of them empty) in
tributaries (Wenatchee, Entiat, and Methow rivers) of the midColumbia River in Chelan and Okanogan counties, Washington
ate predominately aquatic and terrestrial insects. Of 4,555 total
food items identified in the stomachs, 4,314 (94.7%) were insects
(Chapman and Quistorff 1938). Of the insects, 875 were of terrestrial origin and 3,439 were aquatic insects.
A synoptic list of insects identified by Chapman and Quistorff
(1938) included: Coleoptera (beetles); 7 kinds of Diptera, including Chironomidae (midges), Culicidae (mosquitoes), Dixidae
(dixid midges), Calliphoridae (blow fly), Muscidae (house flies),
Simulidae (black fly), and Tipulidae (crane fly); Ephemeroptera
(mayflies); Hemiptera (bugs); Homoptera (aphids): Hymenoptera
(ants, bees, wasps); Lepidoptera (butterfly caterpillars); Odonata
(dragon flies), Orthoptera (grasshoppers), Plecoptera (stoneflies),
Trichoptera (caddisflies) and Thysanoptera (thrips). Dipterans
were the main type of aquatic insect in the diet. Grasshoppers were
the main type of terrestrial insect eaten (n = 227 of 875, or 26% of
all terrestrials in the diet).
Additionally these fish consumed earthworms (Lumbriculidae)
and round worms (Nematoda), spiders (Arachnida: Araneida),
and water mites (Arachnida: Hydracarina). They ate several
types of crustaceans: scuds (Amphipoda: Gammaridae), waterfleas (Cladocera: Daphnidae), crayfish (Decapoda), and sow bugs
(Isopoda: Asellidae). Crustaceans were found in only ten stomachs. Snails (Gastropoda) were found in three stomachs. Fish (dace
and sucker) were found in five stomachs.
Stomachs of 30 rainbow trout from the Yakima River in 1993
contained a total of 1,021 prey organisms, comprised of 3.4%
Hydracarina (water mites), 0.1% Crustaceans, 1.6% Coleoptera
(beetles), 69.4% Diptera (midges, mosquitoes, flies), 12.9%
Ephemeroptera (mayflies), 1.4% Hemiptera (true bugs), 6.9%
Hymenoptera (ants and bees), 0.1% Odonata (dragonflies; damselflies), 0.2% Plecoptera (stoneflies), and 4.0% Trichoptera (caddisflies) (Pearsons et al. 1994).
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McMichael et al. (1992) examined the food habits of wild resident
rainbow trout (n = 30), wild steelhead trout (n = 30) and hatchery
steelhead trout (n = 30) in the North Fork Teanaway River (Yakima
River Basin) in the spring of 1991. Earthworms (Oligochaetes) and
caddisflies (Trichoptera) were the dominant food (by volume of
stomach contents) in each group; respectively accounting 30% and
20% of rainbow diets, 34.2% and 15.4% of wild steelhead diets, and
44.9% and 11.4% of hatchery steelhead diets. Rainbow also consumed 15% beetles (Coleoptera), 5% mayflies (Ephemeroptera), 5%
true bugs and leaf hoppers (Hemiptera and Homoptera), 10% ants
and bees (Hymenoptera), as well as 5% debris and 10% unidentified
food items (McMichael et al. 1992). Wild steelhead also consumed
8.5% midges (Diptera: Chironomidae), 6.0% beetles (Coleoptera),
7.7% mayflies (Ephemeroptera), 7.7% ants and bees (Hymenoptera),
3.4% stoneflies (Plecoptera), as well as 2.6% debris and 14.5% unidentified food items (McMichael et al. 1992). Hatchery steelhead
also consumed 10.8% midges (Diptera: Chironomidae), 9.0% beetles (Coleoptera), 4.8% mayflies (Ephemeroptera), 2.4% true bugs
and leaf hoppers (Hemiptera and Homoptera), 6.0% ants and bees
(Hymenoptera), 1.2% stoneflies (Plecoptera), as well as 7.2% debris
and 2.4% unidentified food items (McMichael et al. 1992).
Juvenile steelhead trout (n = 63) migrating through Lower
Granite Reservoir, Snake River in spring and summer of 1985 consumed larval, pupal and adult Diptera, Ephemeroptera (mayflies),
Trichoptera (caddisflies), Plecoptera (stoneflies), Amphipoda
(freshwater shrimp), terrestrial insects and fish (Bennett and
Shrier 1986). In fall 1995 and winter 1996, terrestrial insects and fish
comprised the bulk of diet of 57 juvenile steelhead that remained in
the reservoir (Bennett and Shrier 1986). Rainbow trout (n = 21) in
Lower Granite Reservoir (1986) ate approximately 36% stoneflies,
26% caddisflies, 19% mayflies, 13% Dipterans, 3% zooplankton, and
miscellaneous insects and fish (Bennett and Shrier 1987).
In fall 1994, stomachs of hatchery steelhead (n = 35, 204–330 mm)
in Lower Granite Reservoir contained 35% crustaceans/mollusks,
20% Diptera, 20% insect parts, 13% non-food items, small numbers
of aquatic/terrestrial insect taxa and small fish (Bennett et al. 1997,
1999). Diet was similar for 127 hatchery steelhead (110–295 mm
TL) in spring 1995, 6 hatchery steelhead (130–299 mm TL) in summer 1995, and 22 hatchery steelhead (250–362 mm TL) in fall 1995
(Bennett et al. 1997, 1999). Identifiable insect taxa included mayflies,
stoneflies and caddisflies. Diet of wild steelhead (n = 80, 86–292 mm
TL) collected in Lower Granite from fall 1994–fall 1995 was similar
of that of hatchery steelhead with respect to kinds of prey consumed
although the wild fish contained more stoneflies and caddisflies
than hatchery fish during the spring and summer (Bennett et al.
1997, 1999). For example, in spring, wild steelhead stomachs contained about 25% stoneflies and 26% caddisflies, whereas hatchery
fish contained > 0.1% stoneflies and 1% caddisflies.
Steelhead trout smolts, (n = 204, 86–295 TL) migrating through
Lower Granite Reservoir during the spring of 1995 consumed 23.7%
chironomid larvae and pupae, 12.3% insect exuviae (molted larval
or pupal skins), 10.2% mayfly nymphs (Ephemeroptera), 9.1% adult
Diptera, 7.9% scuds (Amphipoda), 7.0% beetles (Coleoptera) and
6.4% bees and ants (Hymenoptera) based on total prey biomass
(Karchesky and Bennett 1999). Other prey items found in their
stomachs included: annelids, crustaceans (Cladocera, Copepoda,
Isopoda, Ostracoda), adult mayflies, true bugs (Hemiptera), aphids
(Homoptera), nymph and adult stoneflies (Plecoptera), larval and

adult caddisflies (Trichoptera), miscellaneous aquatic and terrestrial insects, larval fish, and plant material.
Stomach contents of steelhead trout in offshore waters of the
northeastern Pacific Ocean were described by LeBrasseur (1966)
and Myers et al. (1995). Fish and squid dominated the diet in both
studies. Squid accounted for 49.8% and 37%, and fish account for
43.4% and 57.0% of the stomach contents in the two studies. Trace
amounts of copepods, amphipods, euphausiids (krill), and crab
(Decapoda) and barnacle (Cirripedia) larvae also contributed to
steelhead diet in the ocean. Fish species consumed by steelhead
in the ocean included rockfish (Scorpaenidae: Sebastes sp.), greenling (Hexagrammidae), brown Irish lord (Cottidae: Hemilepidotus
spinosus), and Pacific sandlance (Ammodytidae: Ammodytes
hexapterus).

Sockeye/Kokanee
Juvenile sockeye salmon in freshwater nursery lakes are mainly
planktivores (McCart 1969; Eggers 1978; Forester 1968; Burgner
1991; Wood et al. 1999). Fry initially consumed small sized copepods (Cyclops and Diaptomus) and gradually made a transition to
larger-sized cladocerans (e.g. Daphnia) as they grew larger. They
also occasionally consumed midges (Diptera: Chironomidae),
phantom midges (Diptera: Chaoboridae), a variety of aquatic insects (e.g., mayflies), and larval sculpins. Forester (1968), Burgner
(1991) and Chapman et al. (1995) provided excellent reviews of the
food habits of juvenile sockeye. During their period of freshwater
residence, the diet of anadromous sockeye is almost identical to
that of adfluvial kokanee (Wood et al. 1999). In a lake where they
occurred sympatrically in the diets of both sockeye and kokanee,
Daphnia was the dominant food, followed by large copepods
(Wood et al. 1999).
Sockeye fry begin feeding soon after emergence. Fry initially
feed on chironomid larvae and pupae, stonefly larvae, and caddisfly larvae while still in their homestream before entering into
their nursery lake (Burgner 1991). After entering their nursery
lake, while in the littoral zone they continue to feed on chironomids, copepods, and small cladocerans (Burgner 1991). In the
limnetic zone of Lake Wenatchee sockeye fry consumed mainly
Cladocera (Daphnia, Bosmina, Leptodora) and copepods (Cyclops
and Diaptomus) (Allan and Meekin 1980). In some oligotrophic
nursery lakes at high latitudes or high altitudes that contained few
Daphnia, Bosmina was numerically the most important cladoceran
in the diet (Chapman et al. 1995).
In the limnetic zone, sockeye exhibit two pulses of intense feeding activity at dusk and dawn. They make diel vertical migrations
(Narver 1970; Eggers 1978; Brett 1981). They descend and form
schools below the thermocline during the daylight. At dusk the
schools disperse and individuals ascend into the epilimnion to feed
for about two hours, then descend below the thermocline again. At
dawn, they rise to the surface for a second time and begin feeding
for about two hours. They then descend and form schools below
the thermocline. This behavior (descending into deeper, cooler water) is repeated daily throughout the growing season and is thought
to reduce metabolic rate of the kokanee, thereby maximizing their
growth through bioenergetic efficiency.
Sockeye salmon (n = 2) migrating through Lower Granite
Reservoir in Spring 1985 consumed 87% mayflies and 13% terrestrial insects (Bennett and Shrier 1986).
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Forester (1968), French et al. (1976) and Burgner (1991) reviewed
food habits of sockeye in marine waters. At sea, anadromous sockeye consumed 27% euphausiids (krill), 23% amphipod crustaceans, 23% squid, 13% copepods, 6% pteropods (flapping snails),
4% fish, 2% “gelatinous zooplankton” (cnidarians, ctenophores and
salps), 1% decapod (crab) larvae, 1% chaetognaths (arrow worms)
and <1% polychaete worms (Myers et al. 1995). The above figures
are averages from different areas in the ocean. Near the coast of
Washington euphausiids predominated. In the Gulf of Alaska fish
and squid predominated. Marine fishes consumed by sockeye included: lantern fish, (Myctophidae), juvenile cod (Gadidae), larval
capelin (Mallotus villosus), sand lance (Ammodytes hexapterus),
herring (Clupea harengus pallasi) and Pollock (Theragra chalcogramma) (Burgner 1991).
Kokanee occupy limnetic (open water) habitat of freshwater lakes and eat zooplankton. In Nicola Lake, British Columbia,
kokanee diet was composed mainly of Cladocera (Daphnia) and
copepods (Cyclops, Diaptomus, Epischura) in the spring and autumn (Northcote and Lorz 1966). Larvae of the phantom midge
(Chaoborus) contributed 70% (based on displacement volume)
during the summer months.
Kokanee (n = 83) collected from Lake Roosevelt in 1976 consumed
zooplankton and a few aquatic insect larvae (Stober et al. 1986). From
1988 to 2000, stomach contents of 15 to 111 kokanee per year (n = 444
total) were examined (Peone et al. 1991, Griffith and Scholz 1991;
Thatcher et al. 1993, 1996; Griffith et al. 1994; Underwood et al. 1996;
Underwood and Shields 1996; Chichosz et al. 1997, 1999; Spotts et al.
2000; McLellan et al. 2003; Lee et al. 2003). The dominant item in the
diet for all 13 years was Daphnia. In most years kokanee stomachs contained about 99% Daphnia based on numerical percentage of the diet.
For example in 2000, Daphnia contributed 99.9% by number, 99.7% by
weight and 91.1% by relative importance index to the diet of kokanee
in Lake Roosevelt (Lee et al. 2003). Midge larvae and pupae (Diptera:
Chironomidae) comprised <1% based on numerical percentages of the
diet but accounted for an average of 8% (range <1% to 18%) and copepods accounted for an average of 4% (range <1–13%) of the annual
relative importance. Other items routinely reported in kokanee diets
over the 13 year period were a large cladoceran (Leptodora kindtii) and
small (Bosmina longirostris) cladocerans. Both species were rare in
plankton samples, so it was likely that kokanee took them whenever
they were encountered. Items that appeared more infrequently in the
diet included earthworms (Oligochaeta: Lumbriculidae), round worms
(Nematoda), water mites (Arachnida: Hydracarina), aquatic sow bugs
or isopod crustacean (Isopoda: Asellidae), centipedes (Chilopoda),
riffle beetles (Coleoptera: Elmidae), craneflies (Diptera: Tipulidae),
mayflies (Ephemeroptera: Baetidae), water boatman (Hemiptera:
Corixidae) and spring stoneflies (Plecoptera: Nemouridae). Kokanee
also consumed walleye eggs in some years. In 1989, walleye eggs accounted for 9.4% of the annual diet (Peone et al. 1990).
Stable isotope analysis of kokanee (n = 16) in Lake Roosevelt
in 1999 and 2000 showed that 100% of their carbon was obtained
from limnetic sources (Black et al. 2003). This result was consistent
with their almost total reliance on Daphnia.
From 1988 to 1991 kokanee salmon (n = 9) in the Box Canyon
Reservoir of the Pend Oreille River ate 63% large zooplankton
(Cladocera: Daphnidae), 14% small or intermediate-sized zooplankton (Cladocera: Chydoridae and Eucopepoda: Cyclopoida),
22% chironomid larvae or pupae and 1% black fly larvae (Diptera:
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Simulidae) based on index of relative importance (Ashe and Scholz
1992).
In 1992, Daphnia was the main prey (64% of relative importance) of 5 kokanee salmon in Box Canyon Reservoir (Skillingstad
1993; Skillingstad et al. 1993). They also consumed ostracods, water
mites and chironomid pupae.
Kokanee stomachs (n = 73) in Loon Lake, Stevens County,
WA in 1985 contained 49% cladocerans (primarily Daphnia sp.),
30% midges (Chironomidae), 18% copepods, and 3 water mites
(Hydracarina) (Scholz et al. 1988). Kokanee (n = 67) in Deer Lake,
Stevens County, WA in 1985 ate 68% cladocerans (Daphnia sp.),
15% copepods, and 11% midges (Chironomidae) and 6% water
mites (Hydracarina) (Scholz et al. 1988).
Diet of kokanee (n = 68) in Sullivan Lake, Pend Oreille County
in 2003 was comprised mainly of zooplankton in a numerical ratio of about 6 Cladocera (Daphnia sp.) to 4 copepods, followed
by flying ants (Hymenoptera: Formicidae) and midges (Diptera:
Chironomidae) (Nine 2005; Nine and Scholz 2005). Zooplankton
were found in 65% of the stomachs and accounted for 98.7% by
number, 61.8% by weight and 63.6% of the relative importance of
food items in the diet. Flying ants were found in 27.9% of the stomachs and accounted for 1% by number, 18.1% by weight and 5.2% of
the relative importance. Midges were found in 18% of the stomachs
and accounted for <1% by number, 15.5% by weight and 12.3% of the
relative importance. Kokanee in Sullivan Lake also consumed spiders (Arachnida), beetles (Coleoptera), mayflies (Ephemeroptera)
and aphids (Homoptera).
Dominant food of kokanee (n = 69) in Bead Lake, Pend Oreille
County, Washington in 2004 consisted of water fleas (Cladocera:
Daphnidae, Daphnia sp.), cyclopoid copepods (Mesocyclops sp.) and
chironomid (midge) larvae/pupae (Rader 2005: Rader et al. 2005).
Daphnia occurred in 87 % of the stomachs and comprised 55 % by
number, 33 % by weight and 41 % of the relative importance of the
stomach contents. Mesocyclops sp. occurred in 42 % of the stomachs
and comprised 35 % by number, 15.2 % by weight and 21 % of the relative
importance of the stomach contents. Chironomids occurred in 16 %
of the stomachs and comprised 0.5 % by number, 42.5 % by weight and
13.7 % of the relative importance of the stomach contents. Kokanee in
Bead Lake also consumed water mites (Arachnida: Hydracarina); four
additional genera of cladocera including small (Bosminidae, Bosmina
sp.; Chydoridae, Alona sp.) and large (Leptodoridae: Leptodora
kindtii; Polyphemidae: Polyphemus sp.) cladocerans; one additional
genus of cyclopoid copepod (Eucopepoda: Cyclopoida, Diacyclops
sp.); a calanoid copepod (Eucopepoda: Calanoida, Leptodiaptomus
sp.), and flying ants (Hymenoptera: Formicidae).
Brown (1984) examined the food habits of kokanee in Lake
Chelan, Chelan County, Washington in 1981 and 1982. Frequency of
occurrence of prey items in the stomachs of kokanee (n = 34) from
Lake Chelan in 1981, in order of descending presence, included:
Calanoid copepods (found in 65% of stomachs), Mysis relicta
(65%), Chironomids (62%), Bosmina longirostris (56%) Daphnia
(15%), Holopedium (9%), insects (9%), and Leptodora kindtii (6%).
Zooplankton density in Lake Chelan was low. Average monthly
density ranged from about 5–15 total zooplankton/liter from May
to October. The zooplankton community of Lake Chelan was
dominated by copepods and small Cladocerans (Bosmina and
Holopedium). Large Cladocerans (Daphnia and Leptodora) were
less numerous, accounting for less than 5% of the monthly standing crop density.
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Frequency of occurrence of prey items in the diets of kokanee
(n = 88) in Lake Chelan in 1982, in order of descending presence,
included: copepods (found in 86% of stomachs), small cladocerans (Bosmina in 86% and Holopedium in 42%), Daphnia (42%),
Chironomids (37%), insects (14%), Mysis relicta (6%), fish larvae
(3%), ostracods (1%), and spiders (Araneida 1%). The majority of the
copepods were the calanoid copepods Epischura nevadensis (found
in 76% of stomachs) and Diaptomus ashlandi (in 1%). The cyclopoid
copepod Cyclops bicuspidatus thomasi was found in 3% of the kokanee stomachs. E. nevadensis is a relatively large copepod whereas
D. ashlandi and C. bicuspidatus thomasi are small copepods.
In Lake Chelan, cladoceran lengths ranged from <0.3–1.2 mm
for Bosmina, 0.3–1.8 mm for Holopedium, 0.3–2.2 mm for Daphnia,
and 0.3–1.49 mm for Epischura. Electivity indices indicated that
kokanee ate the larger sizes of each of these species. There was consistent selection against sizes smaller than 0.6–1.5 mm size range.
Zooplankton >1.5 mm were rare in the lake but taken whenever encountered. Smaller sized cladocerans (e.g., Bosmina) and copepods
(e.g., Epischura) <1.5 mm nevertheless appeared more frequently in
the diet than large zooplankton because 1) they were much more
abundant in the water column; and 2) the small spacing between
kokanee gill rakers allowed them to be consumed by kokanee in
proportion to their abundance in the environment.
Food of kokanee (n = 93) in Priest Lake, Boundary County,
Idaho, included 78 % Daphnia sp., 14% copepods (Cyclops sp. and
Diaptomus sp.), 6 % Leptodora kindtii, and <1% Bosmina sp. (Bjornn
1957). Kokanee in Priest Lake also seasonally consumed flying ants.
Food habits of kokanee salmon in Pend Oreille Lake, Idaho
have been investigated in relation to the zooplankton prey base
before and after the introduction of the opossum shrimp Mysis relicta into the lake in the 1960s (Stross 1954; Platts 1958; Rieman and
Bowler 1980; Rieman and Falter 1981; Bowles et al. 1991; Chipps
1997; Clarke 1999; Vidergar 2000; Clarke and Bennett 2002, 2002b,
2003, 2004a, 2004b). Before Mysis became established, Daphnia sp.
densities were low in winter, began to increase in spring, reached
peak abundance by June and remained fairly high until autumn
turnover. Newly emerged kokanee initially preyed on a small cladoceran Bosmina longirostris for a few weeks before turning to the
larger cladoceran, (Daphnia sp.) Kokanee diet was composed almost entirely of Daphnia until fall turnover occurred and densities of Daphnia decreased (Rieman and Bowles 1980; Clarke and
Bennett 2004). After fall turnover, nutrients brought up from
the bottom fertilized and increased the standing crop of phytoplankton, which caused a pulse of Daphnia that were consumed
by kokanee. In late November and early December kokanee diet
consisted of a large copepod Epischura nevadensis and some small
copepods until winter set in. These food sources, along with small
numbers of midges and aquatic insects, supported a population of
naturally reproducing kokanee salmon that were large enough to
provide sport and commercial fisheries that harvested a combined
average (range) of 828,000 (483,292 to 1,335,881) kokanee annually
from 1951–1972. See table in Simpson and Wallace (1982) for yearly
numbers. Sport harvesters averaged 550,000 kokanee annually and
commercial harvest averaged 272,000 annually.
Kokanee populations abruptly crashed when Mysis became established in Pend Oreille Lake by the early 1970s. For example by
1973, the combined sport and commercial harvest fell to 328,739
kokanee. Commercial harvest was discontinued in 1973. Despite
the lower kokanee abundance, individual size did not increase ap-

preciably, Mysis suppressed Daphnia until thermal stratification
developed in summer, so Daphnia was not available for kokanee
until later in the growing season. Kokanee switched to two smaller
species of zooplankton, the copepods Diacyclops bicuspidatus and
Leptodiaptomus ashlandi that replaced Daphnia (Rieman and
Bowler 1980). In summer, Mysis remained in the colder water
of the hypolimnion and did not follow Daphnia into the epilimnion, which allowed for rebuilding of the Daphnia population. In
midsummer kokanee switched to Daphnia until the lake became
isothermal during fall turnover, at which time Mysis rose to the
surface and preyed on Daphnia again. Therefore the fall pulse of
Daphnia was suppressed by Mysis. Kokanee expend about the same
amount of energy (perhaps a little more) to catch the copepods as
they do Daphnia but get less energy in return because the copepods are smaller than the Daphnia. The net energy gained was sufficient to cover the foraging cost plus basal metabolic activity but
there was relatively little energy left to store as growth. The poor
growth of kokanee probably made it easier for predatory fish, like
non-indigenous Kamloops rainbow trout or lake trout and indigenous bull trout or northern pikeminnow to catch them.

Chinook salmon
Food habits of juvenile Chinook salmon were investigated in riverine (Chapman and Quistorff 1938, Becker 1970, 1973, Dauble et al.
1980), reservoir (Rondorf et al. 1990) and estuarine (Craddock et
al. 1976; McCabe et al. 1983; Kirn et al. 1986) habitats.
Detailed diet information for juvenile Chinook salmon is available for the Wenatchee, Entiat and Methow rivers (Chapman and
Quistorff 1938), Yakima River (Pearsons et al. 1994, 2003b, 2004b;
James et al. 1999), Tucannon River (Martin 1992), the Hanford
Reach of the Columbia River (Becker 1970, 1973; Gray and Dauble
1976; Dauble et al. 1980), McNary Reservoir, Columbia River
(Rondorf et al. 1990), Bonneville Reservoir, Columbia River (Muir
and Emmett 1988), Lower Columbia River below Bonneville
Dam (Kirn et al. 1986; Craddock et al. 1976) and Lower Granite
Reservoir, Snake River (Bennett and Shrier 1986; Muir and Coley
1996; Bennett et al. 1997, 1999; Karchesky and Bennett 1999).
The predominant types of food found in the diets of Chinook
salmon, 43–152 mm SL, in the Wenatchee, Entiat, and Methow rivers were larval, pupae and adult midges (Diptera: Chironomidae),
larvae and pupae of other types of aquatic insects, and terrestrial
insects (Chapman and Quistorff 1938). In comparison to other
species of juvenile salmon, Chinook focus more on capturing terrestrial insects in the drift and rarely eat fish. Spiders (Arachnida:
Araneida), water mites (Arachnida: Hydracarina), water boatman (Hemiptera: Corixidae), mayflies (Ephemeroptera) and caddisflies ((Trichoptera) were also commonly found in their diets.
Occasionally, cladoceran zooplankton were consumed.
Stomachs of 12 spring Chinook salmon collected from the
Yakima River mainstem in 1993 contained 631 prey items, comprised of 0.1% spiders, 2.1% water mites, 0.3% beetles (Coleoptera),
81% Diptera (midges, flies), 12.5% mayflies, 0.8% bugs (Hemiptera),
2.4% ants, bees (Hymenoptera), 0.3% stoneflies (Plecoptera), and
0.5% caddisflies (Trichoptera) (Pearsons et al. 1994).
James et al. (1999) and Pearsons et al. (2003b) examined the
stomach contents of 1,780 age 0+ spring Chinook salmon collected
from Upper Yakima River over a five year period (1998–2002).
Sample sizes (n = # of stomachs examined) were 234 in 1998, 273
in 1989, 299 in 2000, 488 in 201, 486 in 2002. Diptera (flys) were
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the most important food item in each of the five years based on
frequency of occurrence and weight percentage in the diet. Diptera
were found in 1,487 (84%) of the stomachs examined and accounted
for a mean (range) of annual values of 41% (26–54%) of all food
items consumed. Ephemeroptera (mayflies), Trichoptera (caddisflies) and terrestrial insects respectively ranked 2nd, 3rd, and 4th based
on frequency of occurrence and numerical percentage of diet.
Ephemeroptera occurred in 1,365 (77%) of the stomachs examined
and accounted for about 23% (14–32%) of all food items consumed.
Trichoptera occurred in 1,048 (60%) of the stomachs and accounted
for about 11% (8–19%) of all food items consumed. Terrestrial insects occurred in 894 (50%) of the stomachs and accounted for
about 9% (4–16%) of all food items consumed. Plecoptera (stoneflies), Hemiptera (true bugs) and Hymenoptera (ants, bees) respectively ranked 5th, 6th and 7th in importance of prey in the spring
Chinook diets. Plecoptera occurred in 502 (28%) of the stomachs
and accounted for about 3% (1–5%) of prey consumed. Hemiptera
occurred in 491 (28%) stomachs and accounted for about 2% (1–4%)
of prey consumed. Hymenoptera were found in 399 (22%) of the
stomachs and accounted for about 4% (1–8%) of prey consumed.
Arachnids (spiders), cladocera (water fleas) Coleoptera (beetles),
and Lepidoptera (butterflies/damsel flies) rounded out the diet of
upper Yakima spring Chinook. Each of these food categories accounted for <1% of all prey consumed. Number of stomachs examined that contained arachnids, Coleoptera and Lepidoptera were
respectively 203 (11%), 167 (9%), and 28 (2%).
In 2003, frequency of occurrence and numerical percentage
of various food items in 509 age 0+ Chinook stomachs from the
Yakima River was similar to previous years (1998–2002) (Pearsons
et al. 2004b). Frequency of occurrence and numerical percentage
values were respectively Arachnida (12%, <1%) Coleoptera (8%,
<1%), Diptera (86%, 44%), Ephemeroptera (76%, 18%), Hemiptera
(21%, 2%), Hymenoptera (23%, 4%) Lepidoptera (23%, <1%),
Plecoptera (30%, 2%), Trichoptera (68%, 9%), and terrestrial insects (44%, 7%).
In these studies arachnids, cladocerans, Hemiptera,
Hymenoptera, Lepidoptera and Plecoptera were identified to order except that the Hymenoptera were separated into Formicidae
(ants) and “other” families categories. Coleoptera, Diptera,
Ephemeroptera and Trichoptera were identified to family. One
family of Coleoptera was identified, Brachyceridae (weevil).
Nineteen families of Diptera were identified, including: Athericidae
(snipe flies), Ceratopogonidae (biting midges), Chaoboridae
(Phantom midges), Chironomidae (midges), Culicidae (mosquitoes), Dixidae (dixid midges), Dolichopodidae (long-legged flies),
Muscidae (house/dung flies), Pelecorhynchidae (Glutops crane
flies), Phoridae (humpbacked flies), Psychodidae (moth flies),
Sciomyzidae) marsh flies), Simulidae (black flies), Syriphidae
(hover flies), Tabanidae (horse/deer flies), Thaumaleidae (trickle
midges), and Tipulidae (craneflies) (Pearsons et al. 2004b).
Families (n = 7) of Ephemeroptera consumed included: Baetidae
(armored mayflies), Ephemerellidae (spiny crawler mayflies),
Ephemeridae (burrowing mayflies), Heptageniidae (flat headed
mayflies), Leptophlebiidae (prong-gill mayflies), Siphlonuridae
(primitive minnow mayflies), and Tricorythidae (little stout crawler
mayflies) (Pearsons et al. 2004b). Families (n = 11) of Trichoptera
(caddisflies) included: Brachycentridae (conical case-makers),
Glossomatidae (elliptical case-makers), Hydropsychidae (net spinners), Hydroptilidae (purse case-makers), Leptoceridae (long-horn
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caddisflies), Lepidostomatidae (bizarre caddisflies), Limnephilidae
(northern case-makers), Philopotamidae (finger net caddisflies),
Polycentropidae (net spinning caddisflies), Psychomiidae (tube net
caddisflies), and Rhyacophilidae (free living caddisflies) (Pearsons
et al. 2004b).
Food of 36 juvenile spring Chinook salmon from the
Tucannon River, Washington included 1.8% Oligochaeta (worms),
38.9% Coleoptera (beetles), 8.0% Diptera (true flies), 29.2%
Ephemeroptera (mayflies), 12.1% Plecoptera (stoneflies), and 4.2%
Trichoptera (caddisflies) (Martin 1992; Martin et al. 1992).
Food habits of age 0 fall Chinook fry (n = 445) 35–50 mm FL, in
the Hanford Reach (RKM 557–613) of the Columbia River were examined from April through June 1968, which followed their emergence
from their redds (Becker 1970, 1973). Aquatic insects comprised 96%
of their diet by number. Only 24 individuals contained zooplankton. Larval, pupal, and adult midges (Diptera: Chironomidae) accounted for 81% of the total diet. Other items found in their diet included: ticks (Arachnida: Acarina), spiders (Arachnida: Araneida),
water mites (Arachnida: Hydracarina), amphipods, copepods, ostracods, spring tails (Collembola: Hypogastruridae), diving beetles
(Coleoptera: Dytiscidae), water scavenger beetles (Coleoptera:
Hydrophilidae), burrowing water beetles (Coleoptera: Noteridae),
toed-winged beetles (Coleoptera: Ptilodactylidae), long-legged
flies (Diptera: Dolichopodidae), dance flies (Diptera: Empididae),
shore flies (Diptera: Ephydridae), blood-sucking biting midges
(Diptera: Heleidae), house/dung flies (Diptera: Muscidae), black
flies (Diptera: Simulidae), crane flies (Diptera: Tipulidae), armored
mayflies (Ephemeroptera: Baetidae), water boatman (Hemiptera:
Corixidae), velvet water bugs (Hemiptera: Hebridae), semi-aquatic
bugs (Hemiptera: Macroveliidae), water treaders (Hemiptera:
Mesoveliidae), backswimmers (Hemiptera: Notonectidae), shore
bugs (Hemiptera: Saldidae), whiteflies (Hemiptera: Aleyrodidae),
aphids (Homoptera: Aphidae), unidentifiable ants/bees/wasps
(Hymenoptera), butterfly/moth (Lepidoptera), Dobson or fish flies
(Megaloptera: Corydalidae), net spinning caddisflies (Trichoptera:
Hydropsychidae), giant case-maker caddisflies (Trichoptera:
Phryganeidae), tube net caddisflies (Trichoptera: Psychomiidae),
and broad-winged or banded thrips (Thysanoptera: Aeolothripidae).
Food habits of newly emerged age 0 fall Chinook fry (n = 260)
35–91 mm FL, from the Hanford Reach were examined from March
to July 1976 (Gray and Dauble 1976b; Dauble et al. 1980). Larvae
(37%), pupae (41%) and adult (2%) dipterans, principally midges
(Chironomidae), were the dominant food, accounting for 81% of
the diet by number and 63% by volume (Dauble et al. 1980). Larval,
pupal and adult caddisflies accounted for 6% of the diet by number
but 25% by volume. Cladoceran zooplankton (Daphnia schodleri)
were consumed in large numbers in July. Additionally, these fish
consumed scarab beetles (Coleoptera: Scarabaeidae), robber flies
(Diptera: Asilidae), blackflies (Diptera: Simulidae), craneflies
(Diptera: Tipulidae), bordered plant bugs (Hemiptera: Largidae),
stink bugs (Hemiptera: Pentatomidae); leaf hoppers (Homoptera:
Cicadellidae), grasshoppers (Orthoptera); and whitefish fry.
Age 1+ spring/summer Chinook salmon (n = 5) smolts,
127–212 mm TL, in the Hanford Reach ate mainly fish, including Chinook fry, and caddisfly larvae/adults (Gray and Dauble
1976b). They also consumed tiger and scarab beetles (Coleoptera:
Carabidae and Scarabaeidae); robber flies and crane flies (Diptera:
Asilidae and Tipulidae); stink bugs (Hemiptera: Pentatomidae),
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aphids and leaf hoppers (Homoptera: Aphidae and Cicadellidae),
ants (Hymenoptera: Formicidae) and grasshoppers (Orthoptera).
Stomachs of 176 juvenile Chinook salmon migrating through
Lower Granite Reservoir, Snake River, in spring, summer, and
fall 1985 and winter 1986, contained fish, Diptera, amphipods,
caddisflies, mayflies, beetles and terrestrial insects (Bennett
and Shrier 1986). Diet (by weight) of juvenile Chinook salmon
(n = 95) in Lower Granite Reservoir (1986) included 34% stoneflies (Plecoptera), 31% mayflies (Ephemeroptera) and 23% Diptera
(Bennett and Shrier 1987). Caddisflies (Trichoptera), terrestrial insects, and zooplankton were also found in their stomachs. Thirty
one different kinds of prey items were identified in stomach contents of subyearling Chinook salmon (n = 292) in Lower Granite
Reservoir in April through July 1991 and 1992 (Bennett et al. 1995).
Four prey items – Cladocera, Diptera, Ephemeroptera, and larval
fishes – comprised 87% of the wet weight.
In fall 1994, hatchery Chinook salmon (n = 9, 279–393 mm TL)
in Lower Granite Reservoir consumed approximately 25% crustaceans/mollusks, 24% Diptera, 20% insect parts, and 17% nonfood items (Bennett et al. 1997, 1999). Other items found in their
stomachs included mayflies, stoneflies, miscellaneous aquatic and
terrestrial insects and about 1% salmonid fishes. In spring 1995,
hatchery Chinook (n = 208, 74–229 mm TL) in Lower Granite
Reservoir consumed about 22% Diptera, 20% non-food items, 15%
insect parts, and 13% mayflies (Bennett et al. 1997, 1999). Other
prey items included crustaceans, mollusks, stoneflies, caddisflies,
miscellaneous aquatic and terrestrial insects and >1% non-salmonid fishes. In summer 1995, hatchery Chinook (n = 3, 100–179 mm
TL) in Lower Granite Reservoir consumed about 43% terrestrial
insects, 12% Diptera, and 42% miscellaneous aquatic and terrestrial
insects (Bennett et al. 1997, 1999). In fall 1995, hatchery Chinook
(n = 2, 203–233 mm TL) in Lower Granite Reservoir consumed 29%
Diptera, 21% non-food items, and miscellaneous crustaceans, mollusks, aquatic insects and insect parts (Bennett et al. 1997, 1999).
In fall 1994, wild Chinook salmon (n = 3, 283–307 mm) in Lower
Granite Reservoir consumed approximately 43% crustaceans/mollusks, 20% Diptera, 30% insect parts and 7% non-food items (Bennett
et al. 1997, 1999). In spring 1995, wild Chinook (n = 176, 33–157 mm TL)
in Lower Granite Reservoir consumed 27% Diptera, 15% terrestrial
insects, 15% insect parts, 14% terrestrial insects, 14% non-food items,
13% mayflies, along with small numbers of crustaceans, mollusks,
stoneflies and caddisflies (Bennett et al. 1997, 1999). In summer 1995,
wild Chinook (n = 8, 101–192 mm TL) in Lower Granite Reservoir
consumed 30% crustaceans and mollusks, 29% Diptera, 7% nonfood items, the remainder aquatic and terrestrial insects (Bennett et
al. 1997, 1999). In fall 1995, wild Chinook (n = 7, 183–236 mm TL) in
Lower Granite Reservoir consumed crustaceans, mollusks, aquatic
insects and terrestrial insects (Bennett et al. 1997, 1999).
Chinook salmon smolts (n = 379, 81–229 mm TL), migrating through lower Granite Reservoir during the spring of 1995
consumed 27% mayfly nymphs (Ephemeroptera), 24.7% chironomid larvae and pupae, 11.8% adult Diptera and 9.1 percent
Hymenoptera (bees and ants) (Karchesky and Bennett 1999)
based on total prey biomass. Other prey found in their stomachs
included: annelid worms, crustaceans (amphipods, cladocerans,
copepods, decapods, isopods and ostracods), beetles (Coleoptera),
adult mayflies (Ephemeroptera), true bugs (Hemiptera), aphids
(Homoptera), stoneflies (Plecoptera), larval, pupal and caddisflies
(Trichoptera), miscellaneous terrestrial and aquatic insects, insect

exuviae (molted skins of insect larvae and pupae), non-salmonid
fishes, and plants.
Diet overlap between Chinook smolts and each of five species of non-indigenous fishes (pumpkinseed, bluegill, white crappie, black crappie, yellow perch) that occupied Lower Granite
Reservoir ranged from 57–61%. Diet overlaps were due mainly to
their common use of mayfly nymphs and chironomid larvae and
pupae. Although some competition may be occurring between
Chinook out-migrants passing through the reservoir and nonindigenous fish residing in the reservoir, Karchesky and Bennett
(1999) concluded that food resources were not limited. Abundant
food was indicated by high benthic invertebrate standing crop in
the reservoir that did not change appreciably during the smolt
out-migration (Bennett et al. 1997b). Additionally invertebrate
drift from free flowing tributaries (Snake and Clearwater rivers)
increased the diversity and abundance of aquatic insects in the reservoir during the Chinook out-migration period, which coincided
with the spring freshet.
A benthic amphipod Corophium salmonis, was an important prey item in the diet of Chinook salmon in Lower Granite
Reservoir, Snake River (Muir and Coley 1996), Bonneville
Reservoir (Muir and Emmett 1988) and the lower Columbia River
(Kirn et al. 1986). Daphnia was a major food source of subyearling Chinook salmon migrating through the middle and lower
Columbia River (Craddock et al. 1996; Rondorf et al. 1990).
Rondorf et al. (1990) investigated the food habits of upriver
bright fall Chinook salmon from the Hanford Reach as they
passed downstream into and through Lake Wallula, the reservoir
impounded by McNary Dam. Food habits were examined from
fish collected in upstream riverine (n = 175, FL = 63), mid-reservoir
(n = 136, FL = 67 mm) and forebay (n = 104, FL = 70 mm) habitats.
Chinook from riverine habitats consumed mainly adult and
pupal midges (Diptera: Chironomidae 17% by weight) and caddisflies (Trichoptera: Hydropsyche spp. 65 % by weight), mayflies
(Ephemeroptera, Baetidae and Ephemeridae 9.1 % by weight,
and aphids/leaf hoppers (Homoptera 57% by weight) (Rondorf
et al. 1990). Chinook from mid reservoir habitats consumed
mainly water fleas (Cladocera: Daphnia galeata mendotae and D.
retrocurva 50 % by weight), chironomids (8% 25 % by weight),
ants (Hymenoptera, 10 % by weight) and aphids/leafhoppers
(Homoptera, 5 % by weight) (Rondorf et al. 1990). Chinook from
forebay habitats consumed mainly waterfleas (19.8 % by weight),
chironomids (35 % by weight), ants (35% by weight, and aphids/leaf
hoppers (9% by weight) (Rondorf et al. 1990).
Chinook in Lake Wallula also consumed worms (Oligochaeta),
ticks (Acari), spiders (Araneidae), amphipods (Amphipoda:
Gammaridae; Corophium spp. was the most abundant amphipod
in the diet), small water fleas (Cladocera: Bosminidae), copepods
(calonoids, cyclopoids, harpacticoids, and nauplii larvae), springtails (Collembola), beetles (Coleoptera), true bugs (Hemiptera),
butterflies/moths (Lepidoptera), lace wings (Neuroptera), dragonflies/damselflies (Odonata), grasshoppers (Orthoptera), bark lice
(Psocoptera), and thrips (Thysanoptera) (Rondorf et al. 1990).
Diet of these Chinook shifted from primarily aquatic insects
in the riverine section to Daphnia sp. and terrestrial insects in the
reservoir. This switch was due to the high availability of Daphnia
and terrestrial insects and low availability of aquatic insects in reservoir habitat. Rondorf et al. (1990) noted. “The switch to food items
abundant in the reservoirs enabled subyearling Chinook salmon to
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use the reservoirs as nursery areas. However, the use of Daphnia sp.
may entail a higher foraging cost per energy unit gained because of
[it’s small size]”.
At McNary Dam, yearling Chinook smolts preyed heavily upon
Cladocera, Homoptera, and Diptera (Muir and Coley 1996). These
fish also consumed Coleoptera and fish. At Bonneville Dam, amphipods (Corophium sp) and midges (Diptera: Chironomidae) accounted for 47% and 36% of the IRI respectively. These fish also
consumed Coleoptera, Hemiptera, and Hymenoptera.
Crustacean zooplankton, especially cladocerans, figured prominently in the diet of Chinook salmon smolts migrating through
the lower Columbia River during July and August (Craddock et
al. 1976). In other seasons aquatic insects comprised the bulk of
their diet.
McCabe et al. (1986) investigated subyearling Chinook salmon
utilization of the Columbia River estuary for 18 consecutive
months (March 1980 to July 1981). The intertidal zone and pelagic
areas were sampled at locations in both the upper and lower estuary. Chinook were present in the estuary throughout the year but
were most abundant from May to September. Catch per unit effort
(CPUE) in intertidal beach seines was generally about 1–25 was fish
per set from October to April compared to about 150–175 fish per
set from May to September. CPUE in pelagic purse seines was generally 1–2 fish per set from October to April compared to 25–80 fish
per set from May to September.
Food habits of subyearling Chinook (n = 762, 40–181 mm FL),
were examined from March through September 1980 (McCabe
et al. 1986). Stomachs of Chinook collected from intertidal areas
contained more food than those collected from pelagic areas, indicating that Chinook fed more intensively in intertidal areas than
in pelagic areas. Percentage of empty stomachs was 12.3 % but the
majority was from fish collected in pelagic areas.
The benthic amphipod Corophium salmonis dominated the
diet from May to July. Other important prey items included cladocerans (Daphnia sp.) and adult dipterans (various types of flies).
Other food consumed by Chinook salmon in the Columbia estuary included spiders (Arachnida), six other species of Amphipod
crustaceans, the mysid shrimp Neomysis mercedis, crabs (Crangon
franciscorum and megalops larvae of Cancer magister), copepods
(Calanoida, Cylopoida and Harpacticoida), Coleoptera (beetles),
Collembola (springtails), Diptera: Chironomidae and Heleidae
(midge larvae and pupae). Hemiptera (true bugs), Homoptera
(aphids, Hymenoptera (ants/bees/wasps), and Plecoptera (stoneflies). Several types of fish were also consumed including northern anchovy (Engraulis mordax) whitebait smelt (Allosmerus
elongatus), longfin smelt (Spirinchus thaleichthys), and Pacific
Sandlance (Ammodytes hexapterus). Fish were spotty in the diet of
small Chinook but became increasingly abundant in Chinook >99
mm TL.
Eruption of Mount St. Helens on 18 May 1980 resulted in ash
and mud flows entering the estuary. Three days after the eruption
turbidity in the upper portion of the estuary increased from normal levels <10 Nephelometric Turbidity Units (NTU) to 1,120 NTU.
Juvenile Chinook fled from the more productive upper estuary at
this time and took up residence in the less productive lower estuary. This behavior was temporary because the following year (1981)
Chinook that entered the upper estuary remained there for an extended period of time.
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Food habits of 492 chinook smolts were examined at one site
(Jones Beach at RKM 75) in the upper reservoir from March 1979
to June 1982 (Kirn et al. 1986). An additional 74 stomachs were collected from July through September 1980. Corophium salmonis and
other bottom dwelling amphipods were the primary prey in 1979
and 1980 prior to the eruption of Mount St. Helens. Amphipod
importance in the diet diminished following the eruption through
1981, probably because heavy siltation buried the spring broods,
which temporarily disrupted their life cycles. By 1982, amphipod
abundance had recovered and they were again a preferred prey.
Cladocera, Mysis shrimp, Diptera (flies), Homoptera (aphids),
Hymenoptera (ants/bees/wasps), and smelt larvae (Osmeridae)
contributed to Chinook diets.
In open marine waters Chinook salmon ate fewer types of prey
than other species of Pacific salmon. Fish, squid, krill (euphausiids)
and crab megalops larvae formed the bulk of their diet (Silliman
1941; Pritchard and Tester 1944; Heg and Van Hyning 1951; Merkel
1957; Reid 1961; Prakash 1962; Robinsen et al. 1982; Brodueur and
Pearcy 1990; Healy 1991; Meyers et al. 1995; Landingham et al. 1997).
Healy (1991) provided a comprehensive review of ocean food of
Chinook. In most of these studies, Chinook stomachs contained
≥75% larval and juvenile fishes by weight, but in some years squid
(Loligo opalescens) accounted for as much as 85% of the diet (Reid
1961; Myers et al. 1995). In part, these differences may be related to
El Niño events or Pacific Decadal Oscillations that affect upwelling of nutrient rich waters along the Pacific Coast, which affects
distributions of many species and thereby changes the composition of prey available to salmonids. For example, off the coast of
Washington inshore fishes (e.g. Pacific herring and smelt) were the
dominant prey in Chinook diets during years of strong upwelling
(Brodueur and Pearcy 1990). In contrast, offshore species (e.g.,
northern anchovy and juvenile rockfishes) were dominant prey in
Chinook diets during years of weak upwelling.
Fish species that were prevalent in Chinook salmon diets in the
ocean included : Pacific herring (Clupeidae: Clupea pallasi), northern anchovy (Clupeidae: Engraulis mordax), smelt (Osmeridae),
and Pacific sandlance (Ammodytidae: Ammodytes hexapterus).
Other types of fish consumed by Chinook salmon in marine waters included: spotted ratfish (Chimaeridae: Hydrolagus colliei),
Pacific sardine or “Pilchard’ (Clupeidae: Sardinops caerulea), surf
smelt (Osmeridae: Hypomesus pretiosus), capelin (Osmeridae:
Mallotus villosus), night smelt (Osmeridae: Spirinchus starski),
eulachon or candlefish (Osmeridae: Thaleichthys pacificus), chum
salmon (Salmonidae: Oncorhynchus keta), Pacific cod (Gadidae:
Gadus macrocephalus), Pacific hake or ‘whiting’ (Gadidae:
Merluccius productus), Pacific tom cod (Gadidae: Microgadus
proximus), walleye pollack (Gadidae: Theragra chalcogramma),
three spine stickleback (Gasterosteidae: Gasterosteus aculeatus),
rockfish (Scorpaenidae: Sebastes sp.), sculpin (Cottidae), wolfeel (Anarhichadidae: Anarrhichthys ocellatus), Pacific sandfish
(Trichodontidae: Trichodon trichodon), and flounder (Bothidae
and/or Pleuronectidae).
Like other species of anadromous salmon, Chinook stop feeding when they return to fresh water. Suckley (1878) reported that
of 98,000 fresh Chinook salmon examined at a cannery on the
Columbia River in 1875, only three had food in their stomachs.
Like their anadromous counterparts in the ocean, the Chinook
salmon that grow to maturity in freshwater become increasingly
piscivorous as they grow older. They tend to prey on schooling for-
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age fish especially clupeids (herrings), osmerids (smelt) or other
salmonids. In Lakes Superior and Michigan, adult Chinook salmon
fed on alewife (Alosa pseudoharengus and rainbow smelt (Osmerus
mordax) (Becker 1983). The stomach of adult fall Chinook salmon
from Lake Roosevelt, Washington in 2000 contained unidentifiable fish remains and chironomids (Lee et al. 2003).
In Lake Chelan, Chelan County, Washington, the stomach contents of 40 Chinook salmon that weighed over four pounds each
were examined in 1978 (Brown 1981). The stomachs contained predominately Mysis shrimp. Ten of them also contained fish, half kokanee and half peamouth.
Fish, mainly kokanee, was the dominant food found in the
stomachs of fall Chinook salmon (n = 43), 204–885 mm TL, collected from Coeur d’Alene Lake, Idaho from July 2001 to June
2002 (Scott 2002). Fish comprised 91.1% of the annual stomach
contents by weight. Kokanee alone accounted for 72.4% of the
stomach contents by weight, cutthroat trout accounted for 0.4%
of the stomach contents by weight, and most of the remaining fish
were unidentified salmonids. Additionally Coeur d’Alene Chinook
stomachs contained round worms (Nematoda), Arachnida (spiders), Hemiptera (bugs), and Hymenoptera (ants, bees and wasps)
(Scott 2002).

Atlantic Salmon
Little in known about the food habits of Atlantic salmon introduced into the waters of eastern Washington. The only record is
for Chopaka Lake in Okanogan County. Food habits of 17 Atlantic
salmon, age 1, approximately 204–304 mm TL, were determined
over a four month period, July to October 1973, following their
stocking in May of that year (Williams 1974). These fish were from a
landlocked stock of Atlantic salmon from Sebago Lake, Maine that
had been reared at WDFW’s Goldendale hatchery. A total of 5,111
at 3.3 fish/lb. and 2,809 at 5.9 fish/lb. were released into Chopaka
Lake in May 1974. The following types of prey were consumed,
ranked in order (highest to lowest) by their volume in the stomachs:
Terrestrial insects, mayfly nymphs and adults (Ephemeroptera),
scuds (Amphipoda: Gammarus sp.), beetles (Coleoptera), zooplankton (Daphnia sp.), bug (Hemiptera), vegetation, midge pupae
and adults (Diptera: Chironomidae), adult damsel fly (Odonata:
Zygoptera), and caddisfly larvae (Trichoptera) (Williams 1974). The
listed prey indicated that Atlantic salmon fed mainly off the surface.
Williams (1974) noted that the Chopaka Lake Atlantic salmon
“lost weight and became emaciated by fall, with significant numbers
on the verge of starvation.” At the time the Atlantic salmon were
planted, Chopaka Lake contained an abundance of carryover rainbow trout that had been planted in each of the previous two years
(42,000 in 1971 and 50,000 in 1972). Competition with rainbow
trout for similar food resources (see section on Chopaka Lake in
rainbow trout food habits) was determined to be the reason for
the poor growth of salmon. Apparently, rainbow trout were able to
exclude Atlantic salmon from some of the prime food areas along
the vegetated margins of the lake. Before the Atlantic salmon were
stocked, rainbow trout had established feeding territories along
the margins of the littoral zone. “Invasion of [Atlantic] salmon into
these territories was met with acts of aggression, resulting in [their]
immediate expulsion” (Williams 1974).
Juvenile landlocked Atlantic salmon that live in Lakes in
Maine, Quebec and the Maritime Provinces of Canada eat crustacean zooplankton and aquatic insects. Subadults add fish to their

diet. Adults consume predominantly fish, with aquatic and terrestrial insects of secondary importance (Everhart 1961; McAfee
1966). Types of fishes consumed by landlocked Atlantic salmon
included alewives (Clupeidae: Alosa pseudoharengus), minnows
(Cyprinidae), ciscoes (Salmonidae: Coregoninae; a small whitefish), smelt (Osmeridae), stickleback (Gasterosteidae), and yellow
perch (Percidae: Perca flavescens). In Maine, growth of landlocked
Atlantic salmon seemed to be particularly dependent upon rainbow smelt (Osmerus mordax) (Havey 1973). The state of Maine
often planted rainbow smelt along with Atlantic salmon in lakes
where they were attempting to introduce landlocked Atlantic
salmon if the lake did not already contain smelt or substitute forage
fish (Havey 1973). However, landlocked Atlantic salmon stocked in
Hosmer Lake, Oregon grew well on a diet composed strictly of invertebrates including freshwater shrimp (Gammarus sp.) caddisfly,
mayfly and midges (Williams 1974).
Juvenile anadromous Atlantic salmon in freshwater streams
on the east coast consumed aquatic insects (Chironomids, blackflies, mayflies, stoneflies and caddisflies) and terrestrial insects
(Scott and Crossman 1973). Age 0 Atlantic salmon take prey off
the bottom and in the drift (Nislow et al. 1998). In Catamaran
Brook, New Brunswick, 46 juvenile Atlantic salmon (age 0+–2+;
29–145 mm FL) established feeding territories and fed opportunistically on all major types of invertebrates in the drift except for
water mites (Hydracarina) (Keely and Grant 1997). Newly emerged
fry fed on prey (mainly Chironomid larvae) that were smaller than
the average size in the drift but after attaining 46 mm FL they consumed prey (mainly dipteran pupae and adults) that were larger
than the average size in the drift (Keely and Grant 1997).
In the North Atlantic Ocean, Atlantic salmon ate amphipods,
euphausiids (krill) and decapod crustaceans (crab megalops larvae). They also consumed a variety of fishes, including alewives
(Clupeidae), herring (Clupeidae), capelin (Osmeridae), smelt
(Osmeridae), sandlance (Ammodytidae), cod (Gadidae) and
mackerel (Scombridae) (Scott and Crossman 1973).
Food habits of Atlantic salmon on the Pacific coast are poorly
documented but are of interest because Atlantic salmon are cultured in net pens in Puget Sound and Strait of Georgia between
Vancouver Island and the mainland of British Columbia. One concern about net pen culture of Atlantic salmon in coastal waters of
Washington and British Columbia is that escapees from net pens
may compete with, or prey upon, native Pacific salmon or steelhead trout.
Despite the fact that escapes have been documented (see sections on Atlantic salmon Distribution and Behavior and Ecology
for details), this fear appears to be unfounded (Amos and Appleby
1999; Waknitz et al. 2002). Over 1000 stomachs of Atlantic salmon
collected in marine waters of British Columbia and Alaska were
examined between 1992 and 1997 (n = 160–240 stomachs examined per year) (Thomas and McKinnell 1993, 1994, 1995, 1996, 1997;
Thomas and Candy 1998). A few juvenile chum salmon were found
in the stomach contents but overall Atlantic salmon did not appear
to target juvenile Pacific salmon with the same intensity that Pacific
salmon targeted other Pacific salmon. [For example, coho salmon
consumed about 60% of all the sockeye smolts during their migration from an Alaskan lake to the ocean (Ruggerone and Rogers
1992).] In fact, few fish remains of any kind were found in stomachs of escaped Atlantic salmon, only about 2–4% of the stomachs
examined contained fish, nearly all Pacific herring. Another 2–4%
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contained commercial food pellets and about 1–5% had detritus.
The majority of the stomachs (about 85–90%) were empty, indicating that most of the escaped fish were not eating. All (n ≈ 20)of
the escaped Atlantic salmon examined in Washington waters had
empty stomachs (Amos and Appleby 1999). Amos and Appleby
(1999) speculated that, owing to their domestication, they did not
recognize wild food. They thought most of the escapees died from
starvation due to their failure to find food.
At the NOAA fisheries research station at Manchester on
Puget Sound, Pacific herring, smelt, sandlance, shiner perch
(Cymatogaster aggregata) and tube snout poacher (Aulorhynchus
flavidus) actually passed through the mesh into net pens filled with
Atlantic salmon, apparently to escape Pacific salmon and other
predators (Waknitz et al. 2002). They remained in the net pens for
several months until they grew so large they could not pass back
out through the mesh and had to be removed by the net pen operators. This indicated lack of interest by the Atlantic salmon in
utilizing them for prey. Thus, it appears that competition between
escaped Atlantic salmon and wild Pacific salmon or steelhead is
probably minimal.

Brown Trout
Stream dwelling brown trout are sedentary and defend a feeding
territory, seldom moving more than a few meters from that territory except during spawning migrations to their natal breeding
site. After the reproductive season they return to the same feeding
territory previously occupied. Feeding territories are the result of
aggressive encounters that establish dominance hierarchies among
individual brown trout in the population. Usually the largest, most
aggressive individual establishes the largest territory in the best area
of the stream for catching drifting insects and where hiding cover
(e.g. large woody debris, undercut banks) is available. Feeding is
most intense at dusk and dawn but can occur any time during the
day or night (Eddy and Surber 1960). Large brown trout, especially,
are caught by experienced fly fishermen at twilight and after dark.
Brown trout have a reputation for being more piscivorous than
other trout species (Idyll 1942; Scott and Crossman 1973). Juvenile
brown trout consumed leeches, zooplankton, freshwater shrimp,
snails, fingernail clams, midges and mayflies. As they grow older
they begin to feed on a smorgasbord of aquatic and terrestrial insects, worms, crayfish, and small fish. Adults consume mainly fish
and crayfish. In Wisconsin about 70% of an adult brown trout’s
diet was composed of fish (Becker 1983). Types of fish consumed
by brown trout included lamprey, minnow, salmonids, sculpin,
bluegill and darters [Percidae (Etheostominae)]. Unusual items
reported in brown trout diets include, salamanders, frogs, rodents
and even a mink (Scott and Crossman 1973; Becker 1983). They are
cannibalistic and will consume other brown trout that wander into
their feeding territory.
Stomachs of 59 brown trout age 0–7+, 67–511 mm TL, in Box
Canyon Reservoir, Pend Oreille River contained a variety of
aquatic insects (Ashe and Scholz 1992). The highest index of relative importance values were for midge larvae, pupae and a few
adults (Diptera: Chironomidae, 33%), armored and spiny crawler
mayflies (Ephemeroptera: Baetidae and Ephemerellidae, 23%),
and narrow-winged damsel flies (Odonata: Coenagrionidae,
11%). Brown trout stomachs also contained tubificid worms
(Oligochaeta: Naididae), freshwater shrimp and shore hoppers
(Amphipoda: Gammaridae, Talitridae), water fleas (Cladocera:
1130

Chydoridae), copepods (Eucopepoda: Cyclopoida), Douglas
fir boring beetles (Coleoptera: Cerambycidae), diving beetles
(Coleoptera: Dytiscidae), riffle beetles (Coleoptera: Elmidae), biting midges (Diptera: Ceratopogonidae), black fly larvae and pupae (Diptera: Simulidae), water boatman (Hemiptera: Corixidae),
seed bugs (Hemiptera: Lygaeidae), stink bugs (Hemiptera:
Pentatomidae), aphids and leaf hoppers (Homoptera: Aphidae,
Cicadellidae), flying ants (Hymenoptera: Formicidae), parasitic
wood wasps (Hymenoptera: Orussidae), moths or butterflies
(Lepidoptera), darner flies (Odonata, Anisoptera: Aeshnidae),
pond skimmer ‘blue wing’ dragonflies (Odonata, Anisoptera:
Libellulidae), spread-winged damsel flies (Odonata, Zygoptera:
Lestidae), spring stoneflies (Plecoptera: Nemouridae), five kinds
of caddisflies – conical case-makers, purse case-makers, long-horn
caddisfly, northern case-maker, and giant case-maker caddisflies (Trichoptera: Brachycentridae, Hydroptilidae, Leptoceridae,
Limnephilidae, Phryganeidae), pond, pouch and orb snails
(Gastropoda: Lymnaeidae, Physidae, Planorbidae) and unidentifiable fish (Ashe and Scholz 1999). Fish prey accounted for 4% of the
relative importance in brown trout diets.
In 1992, terrestrial insects, midge larvae and pupae (Diptera:
Chironomidae) and cranefly larvae (Diptera: Tipulidae) contributed 60%, 31% and 9% to the relative importance of the diet
of six brown trout in Box Canyon Reservoir (Skillingstad 1993;
Skillingstad et al. 1993).
Food habits of 429 brown trout in five tributaries of Box
Canyon Reservoir were described by Clark (1991) and Ashe and
Scholz (1992). Tributaries included Cee Cee Ah (n = 175 stomachs examined), LeClerc (n = 98), Ruby (n = 8), Skookum (n = 146)
and Tacoma (n = 1) creeks. Caddisflies (Trichoptera) were the
most important item in the diet in each of the five streams, with
relative importance index value ranging from 24–41%. Caddisfly
families consumed included: Brachycentridae (conical case-makers), Glossomatidae (elliptical case-makers), Hydropsychidae
(net spinners with no case), Hydroptilidae (purse case-makers),
Leptoceridae (long-horn caddisflies), Lepidostomatidae (bizarre
caddisflies), and Rhyacophilidae (free-living caddisflies). Mayflies
(Ephemeroptera) and flies (Diptera) ranked second and third in
importance in all of the streams except Tacoma Creek where only
one brown trout stomach was examined. Mayflies ranged from
12–19% and dipterans ranged from 9–13% in relative importance
to the diet. Four kinds of mayflies (Ephemeroptera) and 22 kinds
of dipterans were eaten. Midges (Chironomidae) accounted for
most (range about 47–99%) of the dipteran abundance. Other
types of dipterans eaten included Anthomyiidae (predatory dung
flies), Bibionidae (march flies or ‘love bugs’), Culicidae (mosquitoes), Dolichopodidae (long-legged flies), Dixidae (dixid
midges), Dryomyzidae (dryomyzoid flies), Ephydridae (shore
flies), Empididae (dance flies), Muscidae (house or dung flies),
Mycetophilidae (fungus gnats), Phoridae (humpbacked flies),
Psychodidae (moth flies), Ptychopteridae (phantom crane flies),
Scatopsidae (dung flies), Sciaridae (fungus gnats), Simulidae
(black flies), Stratiomyidae (soldier flies), Syriphidae (rattail maggots), Tabanidae (horse or deer flies) and Tipulidae (crane flies).
Types of mayflies eaten included: armored mayflies (Baetidae),
Ephemerellidae (spiny crawler mayflies), Heptageniidae, (flat
headed mayflies), and Tricorythidae (little stout crawler mayflies).
Brown trout in the Box Canyon tributaries also consumed
earth worms and tubificid worms (Oligochaeta: Lumbriculidae,
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Naididae); leeches (Hirudinea), round worms (Nematoda); spiders and water mites (Arachnida: Araneida, Hydracarina); scuds
(Amphipoda: Gammaridae); crayfish (Decapoda: Astacidae);
aquatic sowbugs (Crustacea: Isopoda); seed shrimp (Crustacea:
Ostracoda); centipedes (Chilopoda); millipedes (Diplopoda); two
kinds of springtails (Collembola: Entomobryidae, Sminthuridae);
trout stream beetles (Coleoptera: Amphizoidae); boring beetles
(Coleoptera: Buprestidae); pill beetles (Coleoptera: Byrrhidae);
predaceous ground beetles (Coleoptera: Carabidae); fir boring-long
horn beetles (Coleoptera: Cerambycidae); leaf beetles (Coleoptera:
Chrysomelidae); weevils (Coleoptera: Curculionidae); water or
diving beetles (Coleoptera: Dytiscidae); riffle beetles (Coleoptera:
Elmidae); crawling water beetles (Coleoptera: Haliplidae); water scavenger beetles (Coleoptera: Hydrophilidae); scavenger
beetles (Coleoptera: Lathrididae); ant-loving beetles (Coleoptera:
Pselaphidae); scarab beetles (Coleoptera: Scarabaeidae); rove
beetles (Coleoptera: Staphylinidae); water boatman (Hemiptera:
Corixidae); water striders (Hemiptera: Gerridae); seed bugs
(Hemiptera: Lygaeidae); water treaders (Hemiptera: Mesoveliidae);
plant bugs (Hemiptera: Miridae); damsel bugs (Hemiptera:
Nabidae); stink bugs (Hemiptera: Pentatomidae); pine/spruce
aphids (Homoptera: Adelgidae); aphids (Homoptera: Aphidae);
spittle bugs (Homoptera: Cercopidae); leaf hoppers (Homoptera:
Cicadellidae); psyllid bugs (Homoptera: Psyllidae); honey bees/
bumble bees (Hymenoptera: Apidae); nine kind of wasps – bethylid wasps, braconid wasps, chalcid wasps, parasitic wasps,
Ichneumon wasps mymarid wasps, pteromalid wasps and digger wasps (Hymenoptera: Bethylidae, Braconidae, Chalcidae,
Encyrtidae,
Ichneumonidae,
Mymaridae,
Pteromalidae,
Sphecidae); flying ants (Hymenoptera Formicidae); moths/butterflies (Lepidoptera); aquatic caterpillars (Lepidoptera: Pyralidae);
lacewings (Neuroptera: Chrysopidae); two kinds (short-horned
and pygmy) of grasshoppers (Orthoptera: Acrididae, Tetrigidae);
four kinds of stoneflies, including green stoneflies, spring stoneflies, roach-like stoneflies, giant stonefly or salmon fly Pteronarcys
(Plecoptera:
Chloroperlidae,
Nemouridae,
Peltoperlidae,
Pteronarcyidae); bark lice (Psocoptera: Psocidae); pond, pouch
and orb snails (Gastropoda: Lymnaeidae, Physidae, Planorbidae),
fingernail clams (Pelecypoda: Sphaeriidae), and fish (Osteichthyes)
(Clark 1991; Ashe and Scholz 1992). Types of fishes eaten included
sculpins (Cottidae) and unidentifiable salmonids that were either
some species of trout or whitefish (Salmonidae).
Adult brown trout (n = 52, >280 mm TL) in Rock Lake,
Whitman County, Washington consumed 14.2% freshwater shrimp
(Amphipoda: Gammaridae), 18.8% midge larvae and pupae
(Diptera: Chironomidae), and 10.6% fish based on index of relative importance (McLellan 2000). Fish that were eaten included:
sucker, rainbow/steelhead trout, sculpin, largemouth bass and
unidentified Centrarchidae. Rainbow/steelhead trout comprised
about 43% of all fish consumed (4.6% of the IRI value). A synoptic list of prey identified in the stomachs of brown trout in Rock
Lake by McLellan (2000), included: leech (Hirudinea), spiders
and water mites (Arachnidae: Araneida and Hydracarina), water
fleas (Cladocera: Chydorus sp.), cyclopoid copepods (Eucopepoda:
Cyclopoida) and crayfish (Decapoda: Astacidae). Eight kinds
of beetles (Coleoptera) were identified: Carabidae (predaceous
ground beetles), Chrysomelidae (leaf beetles), Coccinellidae (ladybugs), Curculionidae (weevils), Dytiscidae (diving beetles),
Gyrinidae (whirligig beetles), Scarabaeidae (scarab beetles), and

Staphylinidae (rove beetles). In addition to chironomids, four
kinds of Diptera were identified: Culicidae (mosquitoes), Muscidae
(house flies), Tabanidae (deer flies), and Tipulidae (crane flies).
Two kinds of mayflies (Ephemeroptera) were identified: Baetidae
(armored mayflies) and Oligoneuriidae (sand filtering mayflies).
Four kinds of true bugs (Hemiptera) were identified: Corixidae
(water boatman), Nabidae (damsel bugs), Naucoridae (creeping
water bugs), and Saldidae (shore bugs). Two kinds of Homoptera
were identified: Cercopidae (spittle bugs) and Cicadellidae (leaf
hoppers). Two kinds of Hymenoptera were identified: Formicidae
(flying ants) and Ichneumonidae (Ichneumon wasps). Two kinds of
Odonata were identified: dragon flies (Anisoptera) and damsel flies
(Zygoptera: Aeshnidae). One kind of grasshopper (Orthoptera)
was identified: Cyrtacanthacridinae (spur-throated grasshoppers).
Caddisflies (Trichoptera) and pouch snails (Gastropoda: Physidae)
were also present.
Juvenile and subadult brown trout (n = 13, <280 mm TL) in
Rock Lake consumed 21.3% amphipods, 14.9% chironomids, and
9.2% water fleas (Cladocera: Daphnia sp.) (McLellan 2000). They
also ate the same types of aquatic and terrestrial insects as adults.
Thus, juvenile and subadult brown trout consumed more zooplankton but fewer fish than adult brown trout in Rock Lake.
Rock Lake is a deep (maximum depth = 122 m; mean
depth = 52 m) lake surrounded by vertical cliffs that drop to the
bottom of the lake, so there is minimal littoral zone. It annually
receives large amounts of nitrogen fertilizer in runoff from agricultural fields so it might be expected that the lake would be eutrophic. However, because of its great depth (large volume) and
because the runoff also carried fine sediments (Palouse soils) that
have eroded into it, Rock Lake is functionally Oligotrophic to
Mesotrophic. The fine sediments became suspended in the water
column of the lake. This turbidity prevents sunlight from penetrating very far into the lake, which limits photosynthesis and results
in poor primary productivity. Poor phytoplankton production limits secondary production.
During the year the fish food habits study was conducted
(1999), Rock Lake was turbid for most of the year. Low production
of zooplankton and benthic macroinvertebrates in the lake (i.e.,
autochthonous sources) forced the brown trout to rely more on
food on the surface from outside of the lake (i.e., allochthonous
sources) such as terrestrial insects that blew into the lake. Gill netting, using vertical gill nets, revealed that the trout remained continuously near the surface throughout most of the year and were
rarely captured below a depth of two meters.
In Sullivan Lake, Pend Oreille County, Washington diet of
brown trout (n = 4), 150–757 mm TL, consisted predominately
of redside shiner, which occurred in all (100%) of the stomachs
and accounted for 27.8% by number, 68.9% by weight, and 61.7%
of the relative importance of food items in the diet (Nine 2005;
Nine and Scholz 2005). Redside shiner was the only species of fish
that was found in brown trout stomachs. Brown trout also consumed aphids (Homoptera), moths/butterflies (Lepidoptera) and
grasshoppers (Orthoptera). Stable isotope analysis revealed that
brown trout (n = 3) in Sullivan Lake consumed 37% limnetic and
63% benthic carbon. They had a trophic position of a top carnivore,
over the trophic positions of redside shiner, longnose sucker and
sculpin (Smith and Black 2004).
At Loon Lake, Stevens County, Washington, brown trout
(n = 9, ages 2+–7+, 151–711 mm TL, 0.07–3.95 kg) stomachs con-
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tained an average of 29 food items, comprised of 7.9% water fleas
(Cladocera: Daphnia sp.), 11.9% Diptera (predominately chironomid larvae), 66.3% freshwater shrimp (Amphipoda), <1% damsel
flies (Odonata: Zygoptera), 8.2% caddisflies (Trichoptera), <1%
terrestrial insects, and 4.3% fish (Scholz et al. 1988). Prey in these
stomachs averaged 525.9 mg (dry weight)/stomach, comprised of
<0.1% Cladocera, <0.1% Chironomids, 0.7% Amphipods, <0.1%
damselfly, 0.2% caddisfly, and 98.8% fish. Types of fishes consumed
included 67% kokanee (Oncorhynchus nerka) and 33% yellow perch
(Perca flavescens).
At Deer Lake, Stevens County, Washington, one brown trout
consumed 33 organisms: 20 amphipods (60.6% of the numerical
abundance), 6 damsel flies (18.2%), 5 snails (15.2%) and 2 yellow
perch (6.0%) (Scholz et al. 1988). Combined weight of prey totaled
of 883.7 mg (dry weight), weight percentages were <1% each for the
three invertebrate species of invertebrates and 98% fish.
Brown trout (n = 13) in Clear Lake, Spokane County Washington
consumed mainly Daphnia sp., which occurred in 46% of the stomachs examined and accounted for 88.5% by number but less than
1% by weight of the stomach contents (Moan and Scholz 2005).
An average stomach contained 724 food items, of which 641 were
Daphnia. The dominant food in brown trout stomachs by weight
(77.8%) was fish but only two brown trout stomachs contained fish,
one a pumpkinseed, the other a largemouth bass. Brown trout in
Clear Lake also consumed segmented worms (Annelida), scuds
(Amphipoda: Gammaridae), beetles (Coleoptera), midge larvae
and pupae (Diptera: Chironomidae, each fish had an average of
51), armored mayflies (Ephemeroptera: Baetidae), darner flies
(Odonata: Anisoptera-Aeshnidae), emerald dragon flies (Odonata:
Anisoptera-Corduliidae), damsel flies (Odonata: ZygopteraCoenagrionidae) and snails (Mollusca: Gastropoda).
Food of 27 brown trout in Lake Roosevelt was composed
mainly of fish and midge larvae/pupae (Lee et al. 2003; McLellan
et al. 2003; Scofield et al. 2004; Pavlik-Kunkel et al. 2005). Types of
fish eaten included: Cottidae, Centrarchidae and Percidae (yellow
perch and walleye). Brown trout in Lake Roosevelt also consumed
spiders, cladocera, crayfish, weevils, rove beetles, dixid midges,
black flies, horse flies, mayflies, water boatman and terrestrial
insects.
Net spinning caddisflies (Trichoptera: Hydropsychidae) was
the predominant food item (30.6% by number) consumed by
brown trout (n = 6, ages 2–3) in the Spokane River below Monroe
Street Dam (Kleist 1987). These brown trout stomachs also contained 0.5% round worms (Nematoda), 14.2% midges (Diptera:
Chironomidae), 3.3% craneflies (Diptera: Tipulidae), 15.3% unidentified Diptera, 6.6% armored mayflies (Ephemeroptera: Baetidae),
2.7% aquatic caterpillars (Lepidoptera: Pyralidae), 0.5% stoneflies
(Plecoptera: Perlodidae), 23.5% terrestrial insects (e.g., spiders,
beetles, ants), 1.6% pouch snails (Gastropoda: Physidae) and
1.1% fish. Food of brown trout (n = 2, age 2+) in Nine Mile Falls
Reservoir on the Spokane River consisted of 64.7% chironomids,
17.6% unidentified Dipterans and 17.6% fish (Kleist 1987).
Food of brown trout (n = 75, age 0–4, 53–450 mm TL) in
Chamokane Creek, tributary of the Spokane River, Stevens County,
Washington consisted of a mixture of aquatic and terrestrial insects, various kinds of worms, spiders, crustaceans, mollusks,
fish and amphibians (Geist et al. 1988). Chironomids (Diptera:
Chironomidae), mayflies (Ephemeroptera: Baetidae) and net spinning caddisflies (Trichoptera: Hydropsychidae) occurred most
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frequently in the diet (present in 41%, 29% and 27% of the stomachs examined respectively). Chironomids, mayflies (Baetidae)
and northern case-maker caddisflies (Trichoptera: Limnephilidae)
were the most numerous in the diet (respectively 14.5%, 14.3% and
11.4% of all organisms consumed). Sculpins (cottidae), minnows
(Cyprinidae), earthworms (Lumbriculidae), contributed most of
the weight of all organisms consumed (respectively 36.0%, 15.4%
and 15.1%). Fish accounted for over half of the diet by weight.
Northern case-maker caddisflies and amphibians (frogs) contributed 10.6 and 8.8 percent of the weight, respectively. The four organisms with the highest relative importance index were chironomids (10.1%), Cottidae (9.6%) northern case-maker caddisflies
(8.7%), and mayflies (7.9%).
A synoptic list of organisms identified in brown trout stomachs
from Chamokane Creek, Stevens County by Geist et al. (1988) included: several kinds of “worms” including: flatworms (Nematoda),
and two kinds of Annelid worms (earthworms, Oligochaeta:
Lumbriculidae, and fish leeches, Hirudinea: Piscicolidae). Two
kinds of Arachnids were identified: spiders (Araneida) and water mites (Hydracarina). Two kinds of crustaceans were identified: freshwater shrimp (Amphipoda: Gammaridae) and crayfish
(Decapoda: Astacidae).Eleven kinds of beetle (Coleoptera) were
identified: boring beetle (Buprestidae), predaceous ground beetle
(Carabidae), leaf beetle (Chrysomelidae), weevils (Curculionidae),
diving beetles (Dytiscidae), click beetle (Elateridae), riffle beetles
(Elmidae), crawling water beetles (Haliplidae), water scavenger
beetle (Hydrophilidae), scarab beetle (Scarabaeidae), and rove beetle (Staphylinidae). Nine kinds of Diptera were identified: predatory dung flies (Ephydridae), moth flies (Psychodidae), marsh flies
(Sciomyzidae), black flies (Simulidae), soldier flies (Stratiomyidae),
horse/deer flies (Tabanidae), and crane flies (Tipulidae). Five kinds
of mayflies (Ephemeroptera) were identified: armored mayflies
(Baetidae), spiny crawler mayflies (Ephemerellidae), flat headed
mayflies (Heptageniidae), prong-gill mayflies (Leptophlebiidae),
and little stout crawler mayflies (Tricorythidae). Seven kinds of bugs
(Hemiptera) were identified: minute pirate bug (Anthocoridae),
squash bug (Coreidae), water boatman (Corixidae), water strider
(Gerridae), plant bugs (Miridae), back swimmers (Notonectidae),
and shore bugs (Saldidae). Two kinds of Homoptera were identified: aphids (Aphidae) and cicadas (Cicadidae). One kind of
Hymenoptera was identified: flying ants (Formicidae). One
kind of moth/butterfly (Lepidoptera) was identified: aquatic
caterpillar (Pyralidae). One kind of grasshopper (Orthoptera)
was identified: short-horned grasshopper (Acrididae). Four
kinds of stoneflies (Plecoptera) were identified: green stoneflies
(Chloroperlidae), spring stoneflies (Nemouridae), perlodid stoneflies (Perlodidae) and giant stoneflies (Pteronarcyidae). Eight kinds
of caddisfly (Trichoptera) were identified: conical case-makers
(Brachycentridae), elliptical case-makers (Glossomatidae), snail
case-makers (Helicopsychidae), net-spinners (Hydropsychidae),
purse case-makers (Hydroptilidae), bizarre caddisflies
(Lepidostomatidae), northern case-makers (Limnephilidae), and
free living caddisflies (Rhyacophilidae). Three kinds of snails
(Gastropoda) were identified: pond snails (Lymnaeidae), pouch
snails (Physidae), and orb (or wheel) snails (Planorbidae). Two
kinds of fish were identified: minnow (Cyprinidae) and sculpin
(Cottidae). Minnows included chiselmouth, northern pikeminnow,
speckled dace and redside shiner. Amphibians were also eaten.

Fishes of Eastern Washington: A Natural History

Subfamily Salmoninae

Chamokane Creek is a spring fed creek with a benthic macroinvertebrate community that is exceptionally rich in both species
diversity and densities of individual species (O’Laughlin et al. 1988;
O’Laughlin 1989). In 136 Hess samples collected in riffles, runs and
pools in spring, summer and fall, the total number of benthic macroinvertebrate taxa found was 141 and the mean density of benthic macroinvertebrates was 53,569 organisms/m² (O’Laughlin et
al. 1988; O’Laughlin 1989). Electivity indices were calculated that
compared the numerical percentage of benthic invertebrates sampled in the environment to those sampled in fish stomachs, using
Strauss’ Index. Brown trout occupying Chamokane Creek dined
on these organisms roughly in proportion to their relative abundance in the environment. Electivity index values were all close to
0 (range = -0.16 to +0.14). For example, caddisflies constituted approximately 28% of the relative abundance in the environment and
27% of brown trout stomach contents (Geist et al. 1988). Electivity
values for individual taxa of caddisflies ranged from -0.03 to +0.14.
Stream dwelling brown trout are sedentary and defend a feeding
territory, seldom moving more than a few meters from that territory except during spawning migrations to their natal breeding site
(Brynildson et al. 1963; Becker 1983). After the reproductive season
they return to the same feeding territory previously occupied. Feeding
territories are the result of aggressive encounters that establish dominance hierarchies among individual brown trout in the population.
Usually the largest, most aggressive individual establishes the largest
territory in the best area of the stream for catching drifting insects
and where hiding cover (e.g. large woody debris, undercut banks) is
available. Feeding is most intense at dusk and dawn, but can occur
any time during the day or night (Eddy and Surber 1960). Brown trout
have a reputation for being more piscivorous than other trout species
(Idyll 1942; Scott and Crossman 1973). Juvenile brown trout consume
leeches, zooplankton, amphipods (freshwater shrimp), snails, fingernail clams, midges and mayflies. As they grow older they begin to feed
on a smorgasbord of aquatic and terrestrial insects, worms, crayfish,
and small fish. Adults consume mainly fish and crayfish.
Brown (1946a, 1946b, 1946c, 1951) and Elliot (1970, 1972, 1973,
1975a, 1975b, 1976a, 1976b, 1994) investigated the respiratory metabolism of brown trout and determined the maximum amount
(weight) of a particular type of food that could be consumed by
a brown trout of a particular weight over a range of temperatures
(4–18°C). Since each type of prey has a different energy density
(amount of calories contained in a gram of flesh), the amount
(weight) of a particular prey required to satiate a brown trout varied. One result of this work was the development of an equation
that described the rate of gastric evacuation, i.e., the amount of
time it took for a fish with a full stomach to evacuate the entire
stomach contents, when they consumed a particular kind of prey.
This enabled these investigators to calculate of the number of daily
meals consumed by a brown trout. The appetite (rate of feeding)
of the trout and rate of gastric evacuation was not correlated with
the size of the trout but was correlated with temperature. Trout
appetite and the rate of gastric evacuation increased as temperature increased over a range of about 4–18°C. For example a 181 g
(wet weight) brown trout consumed 163 μg (dry weight) of mayfly (Baetidae) per meal at 4°C compared to 1,424 μg (dry weight)
per meal at 12°C. The same size brown trout (181 g wet weight)
consumed chironomid larvae at a rate of 160 μg (dry weight) per
meal at 4°C and 1,372 μg (dry weight) per meal at 12°C; or caddisfly
larvae (Hydropsychidae, which have no case) at a rate of 126 μg

(dry weight) per meal at 4°C and 1,013 μg (dry weight) per meal
at 12°C. Also, over a temperature range of 4–18°C, the number of
daily meals consumed in a day increased from about 1 at 4°C to 2 at
about 12°C to 3 at about 18°C.
Using Elliot’s equations, Geist et al. (1988) used the brown trout dry
weight value for food items in Chamokane Creek brown trout stomachs to estimate the daily meal of selected prey organisms that were
prevalent in the trout diets. The amount of the type or prey in the daily
meal of an individual was multiplied by the brown trout population (±
SD) of Chamokane Creek (estimated at 20,633 ±5,638 by Scholz et al.
1988). To estimate the total amount of that type of organism consumed
by brown trout each day, Geist et al. then compared these estimate for
each type of prey organism to the standing crop biomass of that prey
organism available in Chamokane Creek. Prey availability was determined by estimating the amount of riffle habitat available throughout
the stream (Barber et al. 1988) and multiplying it by densities of individual taxa of invertebrates found in the riffle habitat (O’Laughlin
et al. 1988). This provided an estimate for the standing crop of each
type of benthic organism for the stream. Riffle habitat was used for
this calculation because it was where the majority of insect production
occurred. The amount of riffle habitat had been determined because
Chamokane Creek was the subject of an Instream Flow Incremental
Method (IFIM) analysis to determine minimum stream flow needed
to maintain the trout population (Barber 1988; Barber et al. 1988).
Thus the amount(s) of different type(s) of habitat(s) at varying stream
flows were available using the Physical Habitat Simulation (PHABSIM)
model developed by the United States Fish and Wildlife Service.
Geist et al. (1988) then compared the total daily consumption (weight) of a particular prey item in brown trout stomachs
and rainbow trout stomachs in Chamokane Creek to the standing crop biomass of that same prey available in the riffle habitat,
to determine how many days it would take the trout to consume
the standing crop of that prey. Estimates were made for the lower,
median and upper temperatures reported for Chamokane Creek.
At the mean base flow of Chamokane Creek (29.9 CFS), 75,237 m²
of riffle habitat was available. At the median temperature (9.5° C)
it took 280 days for the trout population to eliminate the standing
crop of limnephilid caddisflies, 1,818 to eliminate the standing crop
of Baetis mayflies, and 1,928 days to eliminate the standing crop
of chironomids. If the riffle habitat was reduced to 51,903 m² by a
lower discharge, it took 120 days for the same size trout population
to eliminate the standing crop of limnephilid caddisflies, 778 days
to eliminate the standing crop of Baetis mayflies and 818 days to
eliminate the standing crop of chironomids. Thus, food availability
did not limit the productivity of brown trout in Chamokane Creek.

Tiger Trout
Food habits of 521 tiger trout were recently determined in 10 eastern
Washington lakes (Miller 2010). Food habits of 251 tiger trout, 100–
444 mm TL, inhabiting Fish Lake, Spokane County, were determined
during each month of the growing season (March–October) in 2006.
The dominant prey item was Daphnia which occurred in 69% of the
stomachs examined, accounted for 94% of the stomachs contents
by number and 19% by weight. The average stomach contained 608
Daphnia. Chironomid larvae and pupae were the next most abundant
organism, averaging about 3 per stomach. Water boatman (Hemiptera:
Corixidae) averaged 2 per stomach, but constituted 12% by weight and
occurred in 20% of all stomachs. Pumpkinseed sunfish accounted for
60% of the stomach contents by weight and occurred in 15% of the stom-
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achs examined. Tiger trout in Fish Lake also consumed small amounts
of predaceous ground beetles (Coleoptera: Carabidae), riffle beetles
(Coleoptera: Elmidae), whirligig beetles (Coleoptera: Gyrinidae),
fireflies (Coleoptera: Lampyridae), scarab beetles (Coleoptera:
Scarabaeidae), phantom midges (Diptera: Chaoboridae), shore flies
(Diptera: Ephydridae), crane flies (Diptera: Tipulidae), shore bugs
(Hemiptera: Saldidae), braconid wasps (Hymenoptera: Braconidae),
pond skimmer (blue-winged) dragonflies (Odonata, Anisoptera:
Libellulidae), narrow-winged damsel flies (Odonata, Zygoptera:
Coenagrionidae), longhorn caddisflies (Trichoptera: Leptoceridae),
northern case-maker caddisflies (Trichoptera: Limnephilidae), bones
from a salmonid fish and bones from an unidentifiable fish. Tiger trout
<300 mm TL ate mainly zooplankton and aquatic insects whereas tiger
trout >300 mm TL ate mostly fish.
Prey of 9 tiger trout, 127–227 mm TL, in Clear Lake, Spokane
County, was composed mainly of Daphnia (58% by number, 3%
by weight) chironomid larvae and pupae (41% by number, 94%
by weight). The average stomach contained 88 Daphnia weighing
29 mg and 62 chironomids weighing 957 mg (Miller 2010). These
stomachs also contained on average one water boatman (Hemiptera:
Corixidae) and <1 diving beetle (Coleoptera: Dytiscidae).
Prey of 7 tiger trout, 161–486 mm TL, in Medical Lake, Spokane
County, was comprised mainly of Daphnia (86% by number,
66% by weight) and the phantom midge Chaoborus (Diptera:
Chaoboridae) (13% by number, 33% by weight). The average stomach contained 262 Daphnia weighing 142 mg and 41 Chaoborus
weighing 70 mg (Miller 2009). Stomachs also contained chironomids (Diptera: Chironomidae) and narrow-winged damselflies
(Odonata, Zygoptera: Coenagrionidae).
Food habits of tiger trout in Black Lake were determined during each month of the growing season March−October, 2006
(Miller 2010). Tiger trout (n = 213), 122–426 mm TL, in Black Lake
ate mainly Daphnia (94% by number, 52% by weight and occurred
in 72% of the stomachs), chironomid (midge) larvae and pupae
(2% by number, 12% by weight, occurred in 45% of the stomachs),
Chaoborus (phantom midge) larvae and pupae (2% by number, 7%
by weight, occurred in 51% of the stomachs), and redside shiner
Richardsonius balteatus (<1% by number, 7% by weight, occurred in
2 stomachs). The average stomach contained 888 Daphnia weighing 631 mg, 16 chironomids weighing 101 mg, 16 Chaoborus weighing 70 mg, and <1 redside shiner weighing 88 mg (Miller 2010). Tiger
trout in Black Lake also consumed spiders (Arachnida: Araneidae),
Alona (Cladocera: Chydoridae), shore hoppers (Amphipoda:
Hyalellidae), predaceous ground beetles (Coleoptera: Carabidae),
diving beetles (Coleoptera: Dytiscidae), riffle beetles (Coleoptera:
Sminthuridae), horse/deer flies (Diptera: Tabanidae), crane flies
(Diptera: Tipulidae), water boatmen (Hemiptera: Corixidae), semi
aquatic bugs (Hemiptera: Macroveliidae), shore bugs (Hemiptera:
Saldidae), braconid wasps (Hymenoptera: Braconidae), darner flies
(Odonata, Anisoptera: Aeshnidae), pond skimmer (blue-winged)
dragonflies (Odonata, Zygoptera: Coenagrionidae), spread-winged
damselflies (Odonata, Zygoptera: Lestidae), northern case-maker caddisflies (Trichoptera: Limnephilidae), giant case-maker caddisflies
(Trichoptera: Phryganeidae), trumpet net caddisflies (Trichoptera:
Polycentropidae), pond snails (Gastropoda: Physidae), orb snails
(Gastropoda: Planorbidae), fingernail clams (Bivalva: Sphaeriidae),
and unidentifiable fish bones.
Prey of 10 tiger trout, 147–370 mm TL, in Sullivan Lake, Pend
Oreille County, was mainly pond snails (Gastropoda: Physidae) (29%
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by number, 59% by weight, occurred in 30% of stomachs), humpbacked flies (Diptera: Phoridae) (43% by number, 7% by weight, occurred in 50% of stomachs), and redside shiner Richardsonius balteatus (6% by number, 28% by weight and occurred in 50% of stomachs
(Miller 2010). Sullivan Lake is a deep ultra-oligotrophic mountain
lake that produces few phytoplankton and zooplankton. Tiger trout
in Sullivan Lake also consumed spiders (Arachnida: Araneidae),
riffle beetles (Coleoptera: Elmidae), whirligig beetles (Coleoptera:
Gyrinidae), chironomids (Diptera: Chironomidae), crane flies
(Diptera: Tipulidae), Dobson flies (Megaloptera: Corydalidae),
club-tailed damselflies (Odonata, Zygoptera: Gomphidae), and
northern case-maker caddisflies (Trichoptera: Limnephilidae).
Prey of 17 tiger trout, 448–535 mm TL, in Dry Falls Lake, Grant
County, was comprised mainly of chironomids (98% by number, 70% by weight, occurred in 82% of stomachs) and crayfish
(Decapoda: Astacidae) (<1% by number, 28% by weight, occurred
in 40% of stomachs) (Miller 2010). Stomachs contained an average of 146 chironomids weighing 1,697 mg and <1 crayfish weighing 674 mg. Tiger trout in Dry Falls Lake also consumed shore
hoppers (Amphipoda: Hyalellidae), phantom midge (Diptera:
Chaoboridae), water boatman (Hemiptera: Corixidae), narrowwinged damselflies (Odonata, Zygoptera: Coenagrionidae), purse
case-maker caddisflies (Trichoptera: Hydroptilidae), pouch snails
(Gastropoda: Physidae), orb snails (Gastropoda: Planorbidae), and
fingernail clams (Bivalva: Sphaeriidae).
Prey of 6 tiger trout, 302–500 mm TL, in Dusty Lake, Grant
County, was comprised mainly of chironomids (59% by number, 24% by weight, occurred in 5 stomachs), and Daphnia (30%
by number, 2% by weight, occurred in 1 stomach) (Miller 2010).
Tiger trout from Dusty Lake also consumed freshwater shrimp
(Amphipoda: Gammaridae), shore hoppers (Amphipoda:
Hyalellidae), hover flies (Diptera: Syriphidae), little stout crawler
mayflies (Ephemeroptera: Tricorythidae), pond skimmers (bluewinged) dragonflies (Odonata, Anisoptera: Libellulidae), narrowwinged damselflies (Odonata, Zygoptera: Coenagrionidae), pond
snails (Gastropoda: Physidae), and fingernail clams (Bivalva:
Sphaeriidae).
Prey of 4 tiger trout, 357–523 mm TL, in Lenice Lake, Grant
County, was comprised mainly of freshwater shrimp (Amphipoda:
Gammaridae) (9% by number, 6% by weight, occurred in all
four stomachs), pond snails (Gastropoda: Physidae) (90% by
number, 94% by weight, occurred in 2 stomachs), and orb snails
(Gastropoda: Planorbidae) (1% by number, 1% by weight, occurring in one stomach) (Miller 2010). Stomachs averaged 112 pond
snails weighing 1,450 mg, 11 freshwater shrimp weighing 87 mg,
and 1 orb snail weighing 8 mg.
Prey of 3 tiger trout, 250–398 mm TL, in Nunally Lake, Grant
County, was comprised of fish bones (81% by number, 94% by
weight) and chironomid (19% by number, 6% by weight) (Miller
2010). Prey of 1 tiger trout, 448 mm TL, from Vic Meyers Lake,
Grant County, was comprised of chironomids (86% by number, 3%
by weight) and river snails (Gastropoda: Pleuroceridae): 14% by
number, 97% by weight (Miller 2010).

Bull Trout
Bull trout and their cousin the Dolly Varden had a reputation for
being devastating predators of salmon and trout eggs and smolts.
Consequently, they were vilified by anglers and fisheries scientists,
and bounties were paid to hasten their removal from productive

Fishes of Eastern Washington: A Natural History

Subfamily Salmoninae

salmon and trout waters (Dyson 1932, 1936). Scott and Crossman
(1973) noted that 47 papers had been published on the food habits
of bull trout and Dolly Varden. The consensus of these papers was
that bull trout and Dolly Varden were not any worse than sculpin, cutthroat trout or coho salmon as predators of salmon or trout
(Scott and Crossman 1973).
Bull trout fry feed mainly on aquatic insects off the bottom or
in drift. At around 110 mm TL they began to start feed on small
fish (Pratt 1992; McPhail and Baxter 1996). Subadult and adult bull
trout are opportunistic, feeding on whatever aquatic insects, fish,
amphibians, and mammals are available. Kokanee are a favorite
prey of lake-dwelling adfluvial bull trout.
There is no doubt that bull trout opportunistically prey on
salmon or trout. At Curtis Lake, British Columbia, individual bull
trout consumed up to 90 sockeye smolts during their migration season in May and June, but they also consumed prickly sculpin. The
stomach of a 455 mm TL, 9.8 kg, bull trout contained 8 prickly sculpin, ranging from 76–114 mm TL (Forester 1930, 1968). Bull trout
in Lake Wenatchee, Washington also seasonally consumed sockeye salmon during their smelt migration out of Lake Wenatchee,
Washington (Thompson and Tufts 1967). In the interior Columbia
River Basin bull trout ate rainbow trout, kokanee, mountain and
lake whitefish, northern pikeminnow, longnose dace, redside
shiner, prickly sculpin, Mysis shrimp (Crustacea: Mysidae), midges
(Diptera: Chironomidae), mayflies (Ephemeroptera), stoneflies
(Plecoptera), earthworms (Annelida: Oligochaeta) and a variety
of larval, pupal and adult insects (Chapman and Quistorff 1938;
Bjornn 1961; Thompson and Tufts 1967; Brown 1971; Scott and
Crossman 1973; Russel 1975; Cavender 1978). Aquatic and terrestrial insects also formed a large component of their diet. In some
locations they may eat invertebrates exclusively (Boag 1987). Bull
trout have also been reported to eat frogs, snakes, birds, mice, voles,
shrews and squirrels (Dyson 1932; Withler 1948; Brown 1971; Scott
and Crossman 1973; Russel 1975; Goetz 1989). Hunn (1990) noted
that consumption of bull trout was taboo among some Indian
tribes on the Columbia Plateau because they ate frogs and mice.
They also ate the carcasses of spawned out sockeye and kokanee
(Ricker 1993; Goetz 1989). Cavender (1978) reported that one bull
trout 380 mm TL had cannibalized another bull trout 215 mm TL.
James (1997) reported that a 170 mm TL bull trout cannibalized a
60 mm TL bull trout in the Yakima River Basin. Kokanee are a favorite prey of lake-dwelling adfluvial bull trout, especially in lakes
where both species occur sympatrically above barrier falls that prevent migration of anadromous fish.
Adfluvial bull trout (n = 246) in a high elevation Alberta
Lake consumed fish (kokanee, mountain whitefish, lake whitefish), scuds (Crustacea: Amphipoda), water fleas (Crustacea:
Cladocera), midge larvae and pupae (Diptera: Chironomidae),
terrestrial insects, pond snails (Gastropoda: Lymnaeidae), and
fingernail clams (Bivalva: Sphaeriidae) (Donald and Alger 1993).
At Harrison Lake, an alpine lake in Banff National Park, Alberta
both small (≤250 mm) and large (>250 mm) resident bull trout
fed on seasonally abundant invertebrate prey (Wilhelm et al. 1999).
Their diet was dominated by chironomid pupae in July, and water
fleas (Daphnia pulex) and scuds (Gammarus lacustris) in August
and September. On an annual basis, Daphnia accounted for 45.1%
of the diet, Gammarus 33.4% and chironomid pupae 19.7%. Adult
water boatmen (Corixidae), stoneflies (Plecoptera), caddisflies

(Trichoptera) and freshwater pea mussel (Pisidium sp.) were found
in trace amounts.
Diet of adfluvial bull trout in Priest (n = 27) and Upper Priest
(n = 14) lakes, Idaho consisted of kokanee, mountain whitefish, cutthroat trout, beetles (Coleoptera) and flying ants (Hymenoptera:
Formicidae) (Bjornn 1957). During the spring they were near the
surface and fed mainly on insects, especially flying ants that were
blown into the lake. In summer, they were caught in gillnets set
in or below the thermocline and their guts contained mainly fish.
Mountain whitefish and kokanee were the species consumed.
Kokanee salmon was the major food of adfluvial bull trout in Pend
Oreille Lake, Idaho (Jeppson and Platts 1959).
In Flathead Lake Mountain, adfluvial bull trout (n = 95 examined between 1979–1981) consumed fish almost exclusively (Leathe
and Graham 1982; Fraley and Shepard 1989). Yellow perch accounted for 40.3% of the diet by number. Other types of fish consumed included peamouth (0.5%) redside shiner (2.4%), sucker
(1.0%), lake, pygmy and mountain white fish (collectively 8.7%),
kokanee (1.0%), unidentified trout/salmon (1.0%), and sculpin
(1.0%). Bull trout in Flathead Lake also occasionally consumed
opossum shrimp Mysis relicta.
Food of 18 resident and fluvial bull trout, 134–240 mm TL, collected from the Wenatchee, Entiat, and Methow rivers included
small salmonid fishes (found in four stomachs), earthworms, beetle larvae (Coleoptera) houseflies (Diptera: Muscidae), black flies
(Diptera: Simulidae), tree hoppers (Homoptera: Membracidae),
and flying ants (Hymenoptera: Formicidae) (Chapman and
Quistorff 1938).
Juvenile adfluvial bull trout (n = 247 fish, 60–290 mm TL), in
Indian Creek, a tributary of Rimrock Lake in Yakima County,
Washington, fed primarily on drifting insects throughout the night
(James 1997). Dominant food items were mayflies (28.3% based on
weight percentage) followed by stoneflies (27.8%) and dipterans
(14.9%). Other prey included beetles, bugs, bees/ants, butterflies/
moths, annelids, ostracods and fish. Fish (sculpin and bull trout)
were found in the stomachs of 7% of the fish examined. About one
third of the juvenile bull trout that consumed fish were cannibals
on newly emerged bull trout. Bull trout and sculpin eggs were also
consumed. Stomachs of two bull trout, 65 mm and 73 mm TL,
contained fish 20 mm and 25 mm TL respectively (James 1997).
Adfluvial adult bull trout in Rimrock Lake ate kokanee salmon
(James 2002).
Food habits of three populations of resident/fluvial bull trout
in drainages of southeastern Washington were assessed in 1991
and 1992 (Martin 1992; Martin et al. 1992; Underwood et al. 1994;
Underwood 1996). Two populations (Mill Creek and Wolf Fork
Touchet River) were in tributaries of the Walla Walla River and the
third was in the Tucannon River.
Food habits of 105 residential/fluvial bull trout in Mill Creek
and Touchet River (tributaries of the Walla Walla River) and
Tucannon River, Columbia and Walla Walla counties in southeastern Washington were assessed in 1991 and 1992 (Martin 1992;
Martin et al. 1992; Underwood et al. 1995; Underwood 1996).
Predominant prey included 36% larval mayflies, 26% midge larvae,
and 21% fish based on index of relative importance (Martin 1992;
Martin et al. 1992; Underwood et al. 1995; Underwood 1996). These
bull trout stomachs also contained 47 taxa of aquatic invertebrates,
terrestrial insects, amphibians, and fish. It is interesting that in the
Tucannon River, Columbia and Garfield counties, where bull trout
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distribution overlapped that of Chinook salmon and steelhead, no
salmonids were found in their diet over a two year period.
Predominant prey in the diet of bull trout (n = 41) occupying Mill Creek, was 36% larval mayflies (Ephemeroptera), 29%
fish (Osteichthyes) and 15% fly and midge larvae (Diptera) based
on index of relative importance (Martin 1992; Martin et al. 1992;
Underwood et al. 1994; Underwood 1996). Types of mayflies eaten
included larvae of armored mayflies (Baetidae), spiny crawler mayflies (Ephemerellidae), and flat headed mayflies (Heptageniidae).
Types of fish eaten included 81% sculpins (Cottidae) and 18%
juvenile salmonids (Chinook salmon, steelhead trout and bull
trout). Types of dipterans eaten included larvae/pupae of robber/
assassin flies (Asilidae), march flies i.e., ‘love bugs’ (Bibionidae),
gall midges (Cecidomyiidae), biting midges, i.e., ‘no-seeums’ (Ceratopogonidae), midges (Chironomidae), dance flies
(Empididae), Glutops craneflies (Pelecorhynchidae), black flies
(Simulidae) and common craneflies (Tipulidae). Additionally
bull trout in Mill Creek consumed earthworms (Annelida:
Oligochaeta), water mites (Arachnida: Hydracarina), checkered
beetles (Coleoptera: Cleridae), riffle beetles (Coleoptera: Elmidae),
water scavenger beetles (Coleoptera: Hydrophilidae), Semi-aquatic
bugs (Hemiptera: Macroveliidae), leaf hoppers (Homoptera
Cicadellidae), ants (Hymenoptera: Formicidae), Ichneumon
wasps i.e., parasitic wasps (Hymenoptera: Ichneumonidae), common sawflies (Hymenoptera: Tenthredinidae), moths/butterflies
(Lepidoptera), fish/alder flies (Megaloptera: Sialidae), green stoneflies (Plecoptera: Chloroperlidae) spring stoneflies (Plecoptera:
Nemouridae), common stoneflies (Plecoptera: Perlidae), conical
case-maker caddisflies (Trichoptera: Brachycentridae), elliptical
case maker caddisflies (Trichoptera: Glossomatidae), net spinning caddisflies (Trichoptera: Hydropsychidae), longhorn caddisflies (Trichoptera: Leptoceridae), northern case-maker caddisflies
(Trichoptera: Limnephilidae), free-living caddisflies (Trichoptera:
Rhyacophilidae) and terrestrial insects (Martin 1992; Martin et al.
1992; Underwood et al. 1994; Underwood 1996).
Mayflies were also the dominant prey in the diet of bull trout from
the Wolf Fork, Touchet River, (n = 28) and Tucannon (n = 36) rivers,
respectively accounting for 37% and 27% of the relative importance.
Dipterans were the next most abundant prey in both streams, respectively accounting for 34% and 19% of the relative importance. No fish
were found in the diets of bull trout in the Wolf Fork or Tucannon
rivers in 1991. Sculpins accounted for 9.3% and 23.5 % of the diets respectively of bull trout in the Tucannon and Wolf Fork in 1992. The
same families of mayflies consumed in Mill Creek were also consumed in the Wolf Fork and Tucannon rivers. Additionally, a fourth
family of mayflies (Siphlonuridae) was found in the diet of fish from
the Tucannon River. Fewer types of Dipterans were found in bull
trout from the Wolf Fork and Tucannon rivers than were found in
fish from Mill Creek. Midges (Chironomidae), blackflies (Simulidae),
and common craneflies (Tipulidae) were the predominate dipterans
in both streams. Other food items were similar to the food of bull
trout from Mill Creek and included oligochaetes, water mites, riffle
beetles (Tucannon only), water scavenger beetles (Wolf Fork only),
semi-aquatic bugs, leaf hoppers, flying ants, Ichneumon wasps (Wolf
Fork only), butterflies/moths, the same three kinds of stoneflies as
found in Mill Creek, four kinds of caddisflies and terrestrial insects.
Additionally, 14% of the diet of bull trout in the Tucannon River consisted of amphibians (frog tadpoles: Ranidae). Tucannon river fish
also consumed seed shrimps (Ostracods) and millipedes (Diplopoda).
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Hemmingsen et al. (2001b) reported that 160 resident bull trout
collected in the upper John Day and Grande Rhonde rivers, northeastern Oregon, consumed exclusively invertebrates. Eighty-five
families of aquatic and terrestrial insects were represented in their
diet. No one family accounted for more than 12.2% and 10.6% of
the numerical percentage of the diet in the John Day and Grande
Rhonde respectively.

Brook Trout
Stream dwelling brook trout feed during daylight but are most active at dusk and dawn. Young juveniles prey mainly on crustacean
zooplankton and chironomids, but within a few months they begin
to feed on a wide variety of aquatic and terrestrial insects. They
are more prone to feed on surface drift than off the bottom, but
will pick prey off the substrate when the opportunity presents itself. Scott and Crossman’s (1973) review of brook trout food habits
indicated that it is a cosmopolitan diner that “will eat any living
creature its mouth can accommodate.” Its prey included worms,
leeches, arachnids (spiders and water mites), crustaceans (cladocerans, copepods, amphipods, isopods and decapods), mollusks
(snails), 80 genera of aquatic insects, 30 families of terrestrial insects, fish (stickleback, sculpin, brook trout), fish eggs, frogs, salamanders, field mice (Microtus sp.), voles (Clethrionomys sp.) and
even a snake. Cannibalism was documented; brook trout ate their
own eggs and young.
Miller (1974) investigated the food habits of brook trout fry for
a period of six months (March–August) following their emergence
from spawning gravels in Lawrence Creek, Wisconsin. During the
study 724 brook trout fry consumed a total of 5,767 prey organisms,
composed of 1.7% copepods, 2.7% amphipods (freshwater shrimp),
30.6% chironomid larvae, 8.6% chironomid pupae, 17.7% Simulidae
(black flies), 33.8% Ephemeroptera (mayflies), 2.5% Trichoptera
(caddisflies) and 2.3% other. Organisms in the other category included spiders, springtails (Collembola), biting midges (Diptera:
Ceratopogonidae), and dipteran adults. Chironomids and copepods were the first items consumed by recently emerged brook
trout in March. Their diet gradually shifted to include Amphipods,
black flies and mayflies.
Food habits of 765 brook trout in five tributaries of Box Canyon
Reservoir, Pend Oreille River were determined by Clark (1991) and
Ashe and Scholz (1992). Tributaries included in the study were
Cee Cee Ah (n = 153 stomachs examined), LeClerc (n = 131), Ruby
(n = 146), Skookum (n = 182), and Tacoma (n = 153) creeks. Brook
trout in each of these streams ate mixed diets of aquatic insect
larvae/pupae and terrestrial adult insects. Ranges in percentages
of the top six orders were: beetles (Coleoptera, 5–11%), flies and
midges (Diptera, 17–20%), mayflies (Ephemeroptera, 8–20%), ants,
bees and wasps (Hymenoptera, 4–15%), stone flies (Plecoptera,
1–15%), and caddisflies (Trichoptera, 12–32%).
A synoptic list of types of food in the diets of brook trout in
the five tributaries included: earth worms and tubificid worms
(Oligochaeta: Lumbriculidae, Naididae); leeches (Hirudinea);
round worms (Nematoda); spiders and water mites (Arachnida:
Araneida, Hydracarina); seed shrimps (Ostracods); two kinds of
springtails (Collembola: Entomobryidae, Sminthuridae); 27 kinds
of beetles (Coleoptera): trout stream-beetles (Amphizoidae), seed
weevils (Bruchidae), boring beetles (Buprestidae), pill beetles
(Byrrhidae), soldier beetles (Cantharidae), predaceous ground beetles (Carabidae), Douglas fir borer beetles (Cerambycidae), leaf bee-
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tles (Chrysomelidae), ladybug or ladybird beetles (Coccinellidae),
weevils (Curculionidae), carrion beetles (Dermestidae), diving
water beetles (Dytiscidae), click beetles (Elateridae), riffle beetles
(Elmidae), handsome fungus beetles (Endomychidae), crawling
water beetles (Haliplidae), water scavenger beetles (Hydrophilidae),
western firefly or lightning bugs (Lampyridae), long-jointed beetle (Leiodidae), bark gnawing beetles (Ostomidae), ant-loving
beetles (Pselaphidae), scarab beetles (Scarabaeidae), rove beetles
(Staphylinidae), darkling beetles or mealworms (Tenebrionidae),
and false metallic wood borer beetles (Throscidae); 20 families
of flies and midges (Diptera): robber or assassin flies (Asilidae),
march flies or love bugs (Bibionidae), biting midges or no-seeums (Ceratopogonidae), midges (Chironomidae), mosquitoes
(Culicidae), dryomyzoid flies (Dryomyzidae), dixid midges
(Dixidae), long-legged flies (Dolichopodidae), house flies
(Muscidae), fungus gnats (Mycetophilidae), humpbacked flies
(Phoridae), moth flies (Psychodidae), dung flies (Scatopsidae),
scarid flies or gnats (Sciaridae), march flies (Sciomyzidae), black
flies (Simulidae), soldier flies (Stratiomyidae), rattail maggots
(Syriphidae), horse or deer flies (Tabanidae), craneflies (Tipulidae);
3 kinds of mayflies (Ephemeroptera: Baetidae, Ephemerellidae
Heptageniidae); water boatman (Hemiptera; Corixidae), water striders (Hemiptera: Gerridae), water treaders (Hemiptera:
Mesoveliidae), ant bugs (Hemiptera: Miridae), and stink bugs
(Hemiptera: Pentatomidae); 7 families of aphids or leaf hoppers
(Homoptera): pine/spruce aphids (Adelgidae), aphids (Aphidae),
spitting bugs (Cercopidae), cicadas (Cicadidae), leaf hoppers
(Cicadellidae), delphacid plant hoppers (Delphacidae), and psyllid
bugs (Psyllidae); 14 families of ants, bees and wasps (Hymenoptera)
– honey bees (Apidae), conifer sawflies (Diprionidae), ants
(Formicidae), common sawflies (Tenthredinidae), several types of
wasps (Bethylidae, Braconidae, Chalcidae, Diapriidae, Encyrtidae,
Eulophidae,
Ichneumonidae,
Mymaridae,
Pteromalidae,
Sphecidae, Vespidae); aquatic caterpillars (Lepidoptera: Cossidae,
Libellulidae); 2 families of lacewings (Neuroptera: Chrysopidae,
Coniopterygidae); grasshoppers (Orthoptera); 4 kinds of stoneflies (Plecoptera: Chloroperlidae, Nemouridae, Peltoperlidae,
Perlodidae); 9 families of caddisflies (Trichoptera): conical casemakers (Brachycentridae), elliptical case-makers (Glossomatidae),
net spinner without cases (Hydropsychidae), purse case-makers
(Hydroptilidae), bizarre caddisflies (Lepidostomatidae), northern
case-makers (Limnephilidae), tube net caddisflies (Psychomiidae),
free-living caddisflies (Rhyacophilidae), finger net caddisflies
(Philopotamidae); pouch and orb snails (Gastropoda: Physidae,
Planorbidae), freshwater limpet (Bivalva: Ancylidae), fingernail
clams (Bivalva: Sphaeriidae) and fish (Osteichthyes) (Clark 1991;
Ashe and Scholz 1992). Types of fish eaten included sculpins
(Cottidae) and unidentifiable trout or whitefish (Salmonidae).
Stomachs of 100 brook trout, ages 0+–2+, from Cee Cee Ah
Creek, Pend Oreille County, Washington contained 83.5% aquatic
organisms and 16.5% terrestrial insects (Clark 1991). No one organism dominated the diet. Chironomids and caddisflies were numerically most abundant at 13.9% and 10.2% respectively.
A synoptic list of prey identified in the stomachs of brook
trout from Cee Cee Ah Creek by Clark (1991) included: earth
worms, spiders, water mites, millipede, and sminthurid springtails. Ten kinds of beetles (Coleoptera) were identified: seed
weevil (Bruchidae), predaceous ground beetle (Carabidae),
long-horn beetle (Cerambycidae), weevil (Curculionidae), div-

ing beetle (Dytiscidae), riffle beetle (Elmidae), water scavenger
beetle (Hydrophilidae), firefly (Lampyridae), and scarab beetle
(Scarabaeidae). Nine kinds of Diptera were identified: march flies
or ‘love bugs’ (Bibionidae), biting midges (Ceratopogonidae),
midges (Chironomidae), dance flies (Empididae), house/dung
flies (Muscidae), fungus gnats (Mycetophilidae), scarid flies = fungus gnats (Sciaridae), black flies (Simulidae), and crane flies
(Tipulidae). Three kinds of mayflies (armored, spiny crawler,
and flat headed) were identified, No Hemiptera were identified.
Four kinds of Homopterans were identified; aphids (Aphidae),
spittle bugs (Cercopidae), leaf hoppers (Cicadellidae), and psyllid bugs (Psyllidae). Four kinds of Hymenoptera were identified:
braconid wasps (Braconidae), diaprid was (Diapriidae), flying ants
(Formicidae), and Ichneumonid wasps (Ichneumonidae). Flying
ants were seasonally important in the spring. Aquatic caterpillars
(Lepidoptera: Pyralidae), and grasshoppers (Orthoptera) were identified. Four kinds of stoneflies (Plecoptera) were identified: green
stoneflies (Chloroperlidae), spring stoneflies (Nemouridae), roachlike stoneflies (Peltoperlidae), and perlodid stoneflies (Perlodidae).
Six kinds of caddisflies (Trichoptera) were identified: conical casemakers (Brachycentridae), elliptical case-makers (Glossomatidae),
net spinners (Hydropsychidae), purse case-makers (Hydroptilidae),
northern case-makers (Limnephilidae), and free living caddisflies
(Rhyacophilidae). Fingernail clams (Bivalva: Sphaeriidae), sculpins
(Cottidae) and fish eggs were also present in the diet.
Stomachs of 78 brook trout, age 0+–3+, from LeClerc Creek,
Pend Oreille County Washington contained 66% aquatic organisms and 34% terrestrial insects (Clark 1991). No single organism
dominated the diet, Caddisflies and chironomids were numerically
most abundant at 16.0% and 9.7% respectively.
A synoptic list of prey identified in the stomachs of brook trout
from LeClerc Creek by Clark (1991) included: spiders (Arachnida:
Araneidae), water mites (Arachnida: Hydracarina), millipedes
(Diplopoda), and spring tails (Collembola: Sminthuridae). Eleven
kinds of beetles (Coleoptera) were identified: trout stream beetles
(Amphizoidae), pill beetles (Byrrhidae), long-horn beetle e.g.
Douglas fir borer (Cerambycidae), weevils (Curculionidae), diving beetles (Dytiscidae), click beetles (Elateridae), riffle beetles
(Elmidae), crawling water beetles (Haliplidae), water scavenge
beetles (Hydrophilidae), firefly (Lampyridae: western firefly
Ellychnia californica), and rove beetles (Staphylinidae). Ten kinds of
Diptera were identified: biting midges (Ceratopogonidae), midge
(Chironomidae), mosquito (Culicidae), dance flies (Empididae),
house/dung flies (Muscidae), fungus gnats (Mycetophilidae),
decomposer dung flies (Scatopsidae), scarid flies = fungus gnats
(Sciaridae), black flies (Simulidae), and crane flies (Tipulidae).
Three kinds of mayflies (Ephemeroptera) were identified: armored
mayflies (Baetidae), spiny crawler mayflies (Ephemerellidae)
and flat headed mayflies (Heptageniidae). Only one kind of
Hemipteran (true bug) was identified: diaprid wasps (Diapriidae).
Four kinds of Homoptera were identified: aphids (Aphidae),
spittlebugs (Cercopidae), leaf hoppers (Cicadellidae), and psyllid bugs (Psyllidae). Three kinds of Hymenoptera were identified:
diaprid wasps (Diapriidae), flying ants (Formicidae) and parasitic
Ichneumon wasps (Ichneumonidae). Flying ants were seasonally important in the spring. Aquatic caterpillars (Lepidoptera:
Pyralidae), green lacewings (Neuroptera: Chrysopidae), darner
flies [Odonata, Zygoptera: Aeshnidae], and grasshoppers
(Orthoptera) were identified. Two kinds of stoneflies (Plecoptera)
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were identified: spring stoneflies (Nemouridae) and perlodid
stoneflies (Perlodidae). Four kinds of caddisflies (Trichoptera)
were identified: conical case-makers (Brachycentridae), net spinner (Hydropsychidae), northern case-makers (Limnephilidae) and
free-living caddisflies (Rhyacophilidae). Two kinds of fish were
identified: unknown trout (Salmonidae) and sculpin (Cottidae).
Stomachs of 122 brook trout ages 0+–3+, from Ruby Creek,
Pend Oreille County, Washington contained 63.3% aquatic organisms and 36.7% terrestrial insects (Clark 1991). No single organism
dominated the diet. Caddisflies and chironomids were numerically
most abundant at 7.0% and 6.9%, respectively.
A synoptic list of prey identified in the stomachs of brook trout from
Ruby Creek by Clark (1991) included: earthworms (Lumbriculidae),
tubificid worms (Naididae), spiders, water mites, ticks (Acarina), millipedes, and two kinds of spring tails (Collembola: Entomobryidae and
Sminthuridae). Sixteen kinds of beetles (Coleoptera) were identified:
boring beetles (Buprestidae), soldier beetles (Cantharidae), predaceous ground beetles (Carabidae), long-horn beetle (Cerambycidae),
leaf beetles (Chrysomelidae), weevils (Curculionidae), diving beetles (Dytiscidae), click beetles (Elateridae), riffle beetles (Elmidae),
handsome fungus beetles (Endomychidae), crawling water beetles (Haliplidae), water scavenger beetles (Hydrophilidae), firefly
(Lampyridae), round fungus beetle (Leiodidae), ant-loving beetles
(Pselaphidae), and darkling beetle/mealworm (Tenebrionidae). Ten
kinds of Diptera were identified: biting midges (Ceratopogonidae),
midges (Chironomidae), dance flies (Empididae), house/dung flies
(Muscidae), fungus gnats (Mycetophilidae), moth flies (Psychodidae),
scarid flies = fungus gnats (Sciaridae), black flies (Simulidae), horse/
deer flies (Tabanidae), and crane flies (Tipulidae). Three kinds of
mayflies were identified: armored, spiny crawler and flat headed
mayflies. Three kinds of Hemiptera were identified: water treaders
(Mesoveliidae), plant bugs (Miridae), and damsel bug (Nabidae).
Five kinds of Homopterans were identified: aphids (Aphidae), spittle bugs (Cercopidae), leaf hoppers (Cicadellidae), delphacid plant
hoppers (Delphacidae), and psyllid bugs (Psyllidae). Seven kinds of
Hymenoptera were identified: honey bee (Apidae), braconid wasp
(Braconidae), diaprid wasp (Diapriidae), flying ants (Formicidae),
eulophid wasps = leaf miners (Eulophidae), Ichneumon wasps
(Ichneumonidae), digger wasps (Sphecidae), and paper/potter wasps (Vespidae). Flying ants were seasonally important in the
spring. Aquatic caterpillars (Lepidoptera; Pyralidae), green lacewings
(Neuroptera: Chrysopidae) and darner flies Odonata (Zygoptera:
Aeshnidae), were identified. Two kinds of stoneflies (Plecoptera)
were identified: spring stoneflies (Nemouridae) and perlodid stoneflies (Perlodidae). Six kind of caddisflies (Trichoptera) were identified: conical case-makers (Brachycentridae), elliptical case-makers
(Glossomatidae), net spinners (Hydropsychidae), purse case-makers
(Hydroptilidae), northern case-makers (Limnephilidae), and freeliving caddisflies (Rhyacophilidae). Three kinds of mollusks were
identified: pond snails (Gastropoda: Lymnaeidae), freshwater limpet
(Bivalva: Ancylidae), and fingernail clam (Bivalva: Sphaeriidae). One
kind of fish (Osteichthyes) was identified: sculpin (Cottidae).
Stomachs of 111 brook trout, ages 0+–2+ 3, from Skookum
Creek Pend Oreille County, Washington contained 79.6% aquatic
organisms and 20.4% terrestrial insects (Clark 1991). No one organism dominated the diet. Caddisflies and chironomids were numerically most abundant at 16.1% and 9.6%, respectively.
A synoptic list of prey identified in the stomachs of brook trout
from Skookum Creek, included: earth worms, spiders, water mites,
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and sminthurid springtails: Twelve kinds of beetles (Cantharidae),
predaceous ground beetle (Carabidae), long-horn beetle e.g.,
Douglas fir borer (Cerambycidae), leaf beetle (Chrysomelidae),
weevil (Curculionidae), dermestid beetle (Dermestidae), diving beetle (Dytiscidae), click beetle (Elateridae), riffle beetle
(Elmidae), crawling water beetle (Haliplidae), water scavenger beetle (Hydrophilidae), rove beetle (Staphylinidae), and false metallic
wood borer (Throscidae). Ten kinds of Diptera were identified: biting midges (Ceratopogonidae), midge (Chironomidae), mosquito
(Culicidae), dance flies (Empididae), fungus gnats (Mycetophilidae),
decomposer dung flies (Scatopsidae), scarid flies (Sciaridae), black
flies (Simulidae), soldier flies (Stratiomyidae), and crane flies
(Tipulidae). Three kinds of mayflies (armored, spiny crawler and
flathead) were identified. The only kind of Hemipteran found was a
plant bug (Miridae). Two kinds of Homoptera were identified: aphids
(Aphidae) and leaf hoppers (Cicadellidae). Five kinds of Hymenoptera
were identified: honey bees (Apidae), diaprid wasps (Diapriidae),
flying ants (Formicidae), Ichneumon wasps (Ichneumonidae)
and common sawflies (Tenthredinidae). Flying ants were seasonally important in the spring. Moths (Lepidoptera) were identified.
Three kinds of stoneflies (Plecoptera) were identified: green stoneflies (Chloroperlidae), spring stoneflies (Nemouridae) and perlodid
stoneflies (Perlodidae). Six kinds of caddisflies (Trichoptera) were
identified: conical case-makers (Brachycentridae), elliptical casemakers (Glossomatidae), net spinners (Hydropsychidae), purse casemakers (Hydroptilidae), northern case-makers (Limnephilidae) and
free-living caddisflies (Rhyacophilidae). Pouch snails (Gastropoda:
Physidae) were identified.
Stomachs of 76 brook trout, ages 0+ to 2+, from Tacoma Creek,
Pend Oreille County, Washington contained 73.4% aquatic organisms and 26.6 % terrestrial insects (Clark 1991). No one organism
dominated the diet. Chironomids and caddisflies were numerically
most abundant at 11.6% and 5.7%, respectively.
A synoptic list of prey identified in the stomachs of brook
trout from Tacoma Creek by Clark (1991) included: earthworms, spiders, water mites, and millipedes. Ten kinds of beetles
(Coleoptera) were identified: trout stream beetle (Amphizoidae),
boring beetles (Buprestidae), pill beetle (Byrrhidae), predaceous
ground beetle (Carabidae), diving beetles (Dytiscidae), riffle
beetles (Elmidae), water scavenger beetle (Hydrophilidae), longjointed beetle (Largidae), bark gnawing beetle (Ostomidae),
and rove beetle (Staphylinidae). Eight kinds of Diptera were
identified: march flies or ‘love bugs’ (Bibionidae), biting midges
(Ceratopogonidae), midges (Chironomidae), house/dung flies
(Muscidae), fungus gnats (Mycetophilidae), scarid flies = fungus gnats (Sciaridae), black flies (Simulidae), and crane flies
(Tipulidae). Three kinds of mayflies (armored, spiny crawler and
flathead) were identified. Two kinds of Hemiptera were identified: water boatman (Corixidae) and plant bugs (Miridae). Three
kinds of Homopterans were identified: aphids (Aphidae), leaf
hoppers (Cicadellidae), and psyllid bugs (Psyllidae). Four kinds of
Hymenoptera were identified: flying ants (Formicidae), eulophid
wasps = leaf miners (Eulophidae), mymarid wasps (Mymaridae)
and Ichneumon wasps (Ichneumonidae). Flying ants were seasonally important in the spring. Aquatic caterpillars (Lepidoptera:
Chrysopidae) were identified. Two kinds of stoneflies (Plecoptera)
were identified: spring stoneflies (Nemouridae) and perlodid
stoneflies (Perlodidae). Six kinds of caddisflies (Trichoptera)
were identified: conical case-makers (Brachycentridae), net
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spinners (Hydropsychidae), purse case-makers (Hydroptilidae),
northern case-makers (Limnephilidae), bizarre caddisflies
(Lepidostomatidae), and free-living caddisflies (Rhyacophilidae).
Fingernail clams (Bivalva: Sphaeriidae) were present.
In 1995, I examined the stomachs of eight brook trout,
131–343 mm TL, collected from the Spokane River Arm of Lake
Roosevelt below Little Falls Dam, Lincoln and Stevens Counties,
Washington (unpublished data). Their diet was dominated by
planktonic crustaceans Daphnia sp. and Leptodora kindtii, which
had an average count of 147 and 43 per stomach respectively.
Average counts of other organisms eaten were: scuds (Amphipoda:
Gammaridae, (n = 1), copepods (n = 2), midges (Diptera:
Chironomidae, n = 23), black flies (Diptera: Simulidae, n = 17), armored mayflies (Ephemeroptera: Baetidae, n <1), water boatman
(Hemiptera: Corixidae, n = 1), dragon fly (Odonata: Anisoptera,
n <1), stonefly (Plecoptera, n <1), northern case-maker caddisfly
(Trichoptera: Limnephilidae, n < 1) and pouch snails (Gastropoda:
Physidae, n = 3). One sculpin (Cottidae) was found in the stomach
of the largest brook trout.
Brook trout (n = 52) collected in Lake Roosevelt from 1999–
2004 consumed mainly Daphnia and fish (Lee et al. 2003, 2006;
McLellan et al. 2003; Scofield et al. 2004; Pavlik-Kunkel et al. 2005).
Daphnia comprised 97.1% of the food by number and 22.2% by
weight. Fish comprised about 1% by number and 57.3% by weight.
The primary identified fish consumed was sculpin (Cottidae) with
some salmonids. These brook trout also consumed amphipods,
copepods, riffle beetles, chironomid midges, black flies, two kinds
of mayflies, water boatman, moths/butterflies, dragon flies, stone
flies, two kinds of caddisflies terrestrial insects and pouch snails.
Brook trout (n = 7, 260–533 mm TL, at Deer Lake, Stevens
County, Washington ate mainly midges (Diptera: Chironomidae)
and water fleas (Cladocera: Daphnia sp, which averaged 93 and
85 per stomach, (Scholz et al. 1988). Other prey items consumed
by brook trout in Deer Lake included snails (Gastropoda), damsel flies (Odonata Zygoptera), scuds (Amphipoda: Gammaridae),
and caddisfly larvae (Trichoptera). Numerical frequencies of each
prey type in descending order of abundance were: Chironomids
(51.4%), Daphnia (46.9%), mayflies (1%), amphipods (<1%), snails
(<1%), and damsel flies (<1%). Weight frequencies of each prey
type arranged in descending order were: snails (31.8%), damsel fly
(25%), caddisfly (13.6%), Daphnia (11.3%), chironomids (9.0%), amphipods (9.0%), and other (0.3%).
Food habits of brook trout (n = 227), age 0+–4+, from Marshall
Creek, tributary of Latah (Hangman) Creek, Spokane County,
Washington were determined by Ruby (1983). An average of 13
prey organisms were found per stomach, comprised of <1% leeches
(Hirudinea), 1% water mites (Hydracarina), 8% freshwater shrimp
(Amphipoda: Gammaridae), 22% riffle beetles (Coleoptera:
Elmidae), 2% midges (Diptera: Chironomidae), 27% black flies
(Diptera: Simulidae), 18% mayflies (Ephemeroptera: Baetidae
and Tricorythidae), <1% water boatman (Hemiptera: Corixidae),
<1% water striders (Hemiptera: Gerridae), 1% giant stoneflies
(Plecoptera: Pteronarcyidae, Pteronarcys Californica), 8% caddisflies (Trichoptera), 10% terrestrial (winged) insects (not identified), and 1% pouch snails (Gastropoda: Physidae, Physa sp.).
Brook trout (n = 6), 168–202 mm TL, in tributaries of the
Columbia River (Wenatchee, Entiat, and Methow rivers) in Chelan
and Okanogan counties, Washington consumed mainly aquatic
and terrestrial insects, especially chironomids. They also con-

sumed other dipterans such as mosquitoes, black flies and crane
flies. Additionally, these fish consumed mayflies, dragonflies,
stoneflies and caddisflies, beetles and grasshoppers (Chapman and
Quistorff 1938).

Lake trout
Lake trout are adapted for piscivory. Their large mouth gape (long
jaws) enables them to capture large-sized prey. Sharp teeth on the
head of the vomer, palatines, two rows on the tongue, and hyoid
(basibranchial) teeth make lake trout especially adept at subduing
and ingesting fish prey. Adult lake trout eat whatever kind of fish
happen to be available (Eschmeyer 1967).
In the Great Lakes and Canadian Shield lakes, lake trout consumed alewives, emerald shiner, longnose sucker, lake trout,
cisco (a small whitefish), lake herring, smelt, trout perch, ninespine stickleback, centrarchids, and yellow perch (Van Oosten and
Deason 1938; Martin 1954, 1960, 1966, 1970; Rawson 1961; Daly et
al. 1962; Dryer et al. 1965; McAfee 1966, Eshmeyer 1967; Scott and
Crossman 1923; Wydoski and Whitney 1979, 2003; Becker 1983;
Mason et al. 1998; Pozzia et al. 2003). Goode (1888) reported that
a 584 mm (23 in) lake trout collected in Lake Michigan had swallowed a 432 mm burbot whole. The tail of the burbot protruded
about 75 mm (3.1 in) out of the mouth of the lake trout. Sculpin
(Cottidae), especially deep water (Myoxocephalus quadricornis)
and slimy sculpin (Cottus cognatus) were important in the diets of
young lake trout ≤381 mm (Van Oosten and Deason 1938; Rawson
1961).
Other prey reported in lake trout diet included large-sized
zooplankton e.g., water fleas (Daphnia sp.) and opossum shrimp
(Mysis relicta), amphipods (Gammaridae: Pontoporeia sp.), chironomids, and mosquito larvae. Juvenile lake trout consumed mainly
zooplankton, then aquatic insects, before eventually switching to
fish. In mountain lakes in Alberta that contained few forage fish,
lake trout adapted by continuing to feed on zooplankton as adults.
However, growth of individuals in this population was stunted
(Donald and Alger 1993). Some of the odder prey items in lake
trout stomachs included mice, shrews and freshwater sponge
(Spongilla sp.), raw peeled potatoes, a piece of sliced liver and corn
cobs (Scott and Crossman 1973; Becker 1983).
Young lake trout in Lake Tahoe, California and Nevada consumed Cladocera and paiute sculpin (Cottus beldingi) (McAfee
1966). Older lake trout ate crayfish (Pacifasticus lenisculus) and
a variety of fishes, including tui chub (Siphateles bicolor), tahoe
sucker (Catostomus tahoensis), mountain whitefish (Prosopium
williamsoni) and paiute sculpin. Kokanee (Oncorhynchus nerka),
and Lahontan redside shiners (Cyprinidae: Richardsonius egregious) occurred infrequently in the diets of these lake trout.
In Priest Lake, Idaho, juvenile lake trout fed along shoal areas
on peamouth, northern pikeminnow, redside shiner, bridgelip
sucker and largescale sucker (Bjornn 1957). Adult lake trout occupied the thermocline and fed on kokanee (Bjornn 1957).
Stomachs of lake trout (n = 17), 419–952 mm TL, in Loon Lake,
Stevens County, Washington contained 99.8% fish by weight
(Scholz et al. 1988). Types of fish consumed included kokanee, yellow perch and sculpin (Cottidae), which respectively accounted for
78%, 11% and 11% of the identifiable fish remains. Amphipods and
chironomids were present in trace amounts.
Stomachs of lake trout (n = 10), 260–533 mm TL, in Deer Lake,
Stevens County, Washington contained 97.2% fish by weight
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(Scholz et al. 1988). Types of fish consumed included kokanee,
sculpin (Cottidae) and yellow perch, which respectively accounted
for 67%, 22% and 11% of the identifiable fish remains. Chironomids
were another important food item. An average of 241 chironomids were found in each lake trout stomach but they amounted
to only 2.7% of the weight. Water mites (Hydracarina), sow bugs
(Isopoda), mayflies (Ephemeroptera) and dragonflies (Odonata)
were present in trace amounts.
Lake trout (n = 19, 242–920 mm TL), in Bead Lake, Pend Oreille
County, Washington consumed fish and chironomids (midge) larvae (Rader 2005; Rader and Scholz 2005). Chironomids occurred in
42% of the stomachs, accounted for 98% of the stomach contents by
number, but only 3% by weight and 43.4% of the relative importance.
Fish accounted for only 2% of the stomach contents by number but
98% by weight. Hence, fish were the most important contributors to
lake trout growth and biomass in Bead Lake. Kokanee occurred in
47% of the stomachs, accounted for 75% of the stomach contents by
weight and comprised 37.3% of the relative importance. Northern
pikeminnow occurred in 26% of the stomachs and contributed 2.5%
and 8.7% respectively of weight and relative abundance. Large scale
sucker occurred in 5.3% of the stomachs, and contributed 17.9% and
7.0% respectively of the weight and relative abundance. Burbot occurred in 11% of the stomachs, and contributed 1.5% and 3.6% respectively of the weight and relative abundance.
In Lake Chelan, Washington, lake trout, (n = 11, 180–
380 mm FL), ate 82.5% Mysis and 17.5% salmonids, primarily kokanee (Beauchamp 2007). Lake trout, (n = 47, 391–450 mm FL)
consumed 60% cyprinids (e.g., peamouth, redside shiner) 31.5%
Mysis, 7.5% invertebrate, and 1% salmonid fish. Lake trout, (n = 111,
451–530 mm FL) ate about 40% cyprinids, 40% Mysis, 10% salmonid (primarily kokanee) and 10% invertebrates. Lake trout 531–850
mm FL (n = 46) ate about 58% cyprinids, 20% Mysis, 15% salmonids, and 7% invertebrates (Beauchamp 2007).
Lake trout (n = 252), in a high elevation Alberta lake consumed lake whitefish, mountain whitefish, scuds (Crustacea:
Amphipoda), cladocerans, copepods, diving beetles (Coleoptera:
Dytiscidae), midge larvae and pupae (Diptera: Chironomidae),
mayflies (Ephemeroptera), caddisflies (Trichoptera), terrestrial
insects, snails (Gastropoda: Lymnaeidae, and fingernail clams
(Bivalva: Sphaeriidae) (Donald and Alger 1993).
Because of their propensity for eating fish, bioenergetics models
have been developed to assess the impact of a lake trout population
on its food supply in several lakes. For example, Stewart et al. (1983)
developed a bioenergetics model to predict the impact of lake trout
predation on the alewife population in Lake Michigan. Stewart et
al. used published average proportions of alewife and other food
organism in the diet of lake trout inhabiting Lake Michigan that
had been obtained from traditional food habit studies as a starting point. They then applied bioenergetics equations (Energyin =
Energyout + expended + stored) to estimate the total amount of particular
prey types that an individual lake trout would need to consume annually to meet the metabolic demands and store energy for somatic
or gonad growth. Stewart et al. (1983) estimated that an individual
lake trout would annually consume at 40.9 kg of alewives, 8.3 kg of
other fish and 0.6 kg of invertebrates annually.
In Blue Mesa Reservoir, Gunnison River, Colorado, juvenile
lake trout, <425 mm TL, fed heavily on Mysids, crayfish and insects
until they attained a size large enough to exploit fish prey (Johnson
and Martinez 2000). Diet of large lake trout, 425–600 mm TL, con1140

tained mainly fish in a ratio of 95% salmonids (kokanee, cutthroat
trout, rainbow trout and brook trout) and 5% suckers (Johnson
and Martinez 2000). Bioenergetic modeling, combined with hydroacoustic estimates of predators and prey abundance, confirmed
an imbalance between lake trout predators and their salmonid prey
base. Annual consumption by lake trout was near or exceeded the
annual supply of pelagic prey such as kokanee and cutthroat trout.
In Lake Chelan, Washington, age 2–16 lake trout that were >181
mm FL, consumed 4,764 kokanee and 138 Chinook salmon annually per 1,000 lake trout in the Lucerne Basin and 1,198 kokanee and
1,057 lake trout per 1,000 lake trout in the Wapato Basin. (Schoen
and Beauchamp 2010). Lake trout 180–450 mm FL in Lake Chelan
consumed mainly Mysis relicta but switched to mainly fish above
451 mm FL. Kokanee comprised 91% of the diet (by weight) of the
largest lake trout (551–910 mm FL) (Schoen and Beauchamp 2010).
An interesting application of the lake trout bioenergetics
model has been applied in the Pacific Northwest at Yellowstone
Lake, Wyoming. Nonindigenous lake trout were discovered at
Yellowstone Lake on 30 July 1994. They reproduced successfully
in the lake and by 1996 “numbered in the thousands to tens of
thousands” (Kaeding 1998). Their potential impact on the native
Yellowstone cutthroat trout in Yellowstone Lake remains a matter
of great concern. Ruzycki and Beauchamp (1997), using bioenergetics modeling estimated that 59,000 Yellowstone cutthroat trout,
100–300 mm FL, could potentially be consumed annually for every
1000 lake trout ≥270 mm FL present in the lake. This work should
serve as a cautionary warning about the type of effect introduced
lake trout might potentially have on native fish populations at various lakes in Washington where they have been planted.

Behavior and Ecology
Yellowstone cutthroat trout
Yellowstone cutthroat trout native in Yellowstone Lake, Wyoming
and introduced in Strawberry Reservoir, Utah repeatedly homed
back to the same tributary for spawning both within and between
seasons (Ball 1955; Cope 1957b; Platts 1959; McCleave 1967; Jahn 1969;
McCleave and Horrall 1970; LaBar 1971; McLeave and LaBar 1972).
For example, Cope (1957b) tagged 18,836 Yellowstone cutthroat trout
in five tributaries of Yellowstone Lake during their spawning migrations. Some of these fish were subsequently recovered in Yellowstone
Lake. However, during subsequent spawning seasons, 236 of 244 total tags recovered (97%) were taken in the same tributary where they
were originally marked and eight (3%) strayed to a different stream. It
appeared likely that Yellowstone cutthroat trout homed to their natal
tributary because each tributary population in Yellowstone Lake had
its own distinctive morphology and allozyme variations (Cope 1957;
Benson and Buckley 1963; Liebelt 1968; Loudenslager and Kitchin
1979; Loudenslager and Gall 1979, 1980). In season homing back to
tributaries that the fish were originally collected in after displacement to Yellowstone Lake was also documented in Yellowstone cutthroat (John 1966; McLeave 1967; McLeave and Harrell 1970; LaBar
1971; McLeave and LaBar 1972). Repeat homing to the same tributary in successive years was observed in adfluvial spawners from
Yellowstone Lake (Cope 1957a; Jones et al. 1984). Natal homing was
documented for an adfluvial population that spawned in Arnica
Creek, a tributary of Yellowstone Lake (Ball 1955).
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Because Yellowstone cutthroat trout were stocked in tributaries
that already contained native populations of westslope cutthroat
trout in the Pend Oreille Basin of Washington, the cutthroat trout
in eight tributaries of the Pend Oreille River, Cedar, LeClerc, East
Branch, LeClerc (West branch) Middle, Mill (Lower), Mill (Upper),
Slate, Sullivan (upper) and Sullivan (North Fork) creeks were examined to determine the extent to which Yellowstone cutthroat
genes were introgressed into the population (Young et al. 2004).
Although some evidence of limited introgression was found, high
levels of allelic variation, including some examples of unique alleles, were observed among all these populations. Moreover,
this allelic variation was in Hardy Weinberg equilibrium in each
stream. In one stream (Mill Creek) introgression was observed
below a barrier fall but not above it. Overall, this study showed
that the westslope cutthroat in the Pend Oreille basin were genetically relatively pure with minimal amounts of introgression from
Yellowstone cutthroat.
Populations of cutthroat trout in the Yakima, Wenatchee,
Entiat, Lake Chelan, Methow, Sanpoil, Kettle, and Pend Oreille
basins in eastern Washington were examined for the purpose of
constructing a genotypic and phenotypic catalog to differentiate
redband trout, cutthroat trout and their hybrids (Trotter et al.
1999, 2001a, 2001b). This investigation also found little evidence of
hybridization between Yellowstone cutthroat and Westslope cutthroat except in Mill Creek below the barrier falls.
Rainbow trout have been introduced into the native range of
Yellowstone cutthroat trout. Rainbow compete more effectively
than cutthroat trout and also hybridize with them. The reason why
rainbow trout compete more effectively than Yellowstone cutthroat is
because they have a body shape that is more conducive to sustained
swimming at higher current velocity than that of Yellowstone cutthroat trout (Seiler and Keely 2007). In streams, both rainbow trout
and Yellowstone cutthroat trout fed on drifting insects by swimming
to hold their position in the current. Because the abundance of drifting insects is positively correlated with current velocity, individuals
with greater ability to sustain swimming at high velocities will have
an advantage over individuals with less ability to sustain swimming
at high velocities. Seiler and Keely (2007) tested the swimming performance of rainbow trout (which had relatively deep bodies and
long caudal peduncles), Yellowstone cutthroat trout (which had relatively slender bodies and short caudal peduncles), and their reciprocal F₁ hybrids (which morphologically more closely resembled the
rainbow trout than the Yellowstone cutthroat parent). Swimming
stamina was determined by placing the fish in a swim tunnel and
adjusting the current until the fish could not maintain its position
indefinitely and was swept back against a screen. The highest currently velocity against which the fish could not maintain its position
indefinitely and was swept back against the screen. Rainbow trout
and rainbow trout × Yellowstone cutthroat trout hybrids swam at
higher velocities for a greater length of time than Yellowstone cutthroat trout [Ucrit = 8.2 body lengths/sec (bl/s) in Yellowstone cutthroat trout; 10.4 bl/s in rainbow trout; and 9.8–10.4 bl/s in their
hybrids], suggesting that rainbow trout and rainbow × Yellowstone
cutthroat hybrids out-compete native Yellowstone cutthroat trout
through higher sustained swimming ability.
From May to July, mature Yellowstone cutthroat historically
spawned in 68 of the 124 tributaries of Yellowstone Lake (Ball
1955; Cope 1956, 1957; Gresswell and Vraley 1988). The habitat surrounding Yellowstone Lake being in a national park has remained

relatively pristine. However, spawn taking operations, commercial
fishing and sport fishing have combined to reduce the Yellowstone
Lake population and hence, the population returning to each
tributary.
From 1899 to 1957, more than 818 million eggs were “mined”
from cutthroat trout that spawned in tributaries of Yellowstone
Lake (Varley 1979, 1981). Migration traps were installed on 14 of
the largest tributaries of the lake to collect adfluvial fish on their
spawning migration. Eggs were incubated and reared at a hatchery
constructed in the National Park at Lake Village. Eggs or fry were
shipped around the United States and around the world. Although
many of the resulting fry were stocked back into the tributary that
originally supplied the eggs, apparently, they were not stocked in
sufficient quantities to replace what was taken because the numbers
of adult spawners returning to these tributaries declined over time.
Commercial fisheries that supplied fresh Yellowstone cutthroat
trout for restaurants in the National Park operated until 1919.
Because of declines in sport angler harvest, the commercial fishery
was terminated in 1919.
Sport anglers were subjected in increasingly stringent regulations
as harvest increased and catch-per-unit-effort (CPUE) declined over
the years. Anglers were allowed to harvest 20 fish daily in 1908, 5
daily from 1945–1954, 3 fish daily from 1954–1969, and 2 fish daily
from 1969–1974. A minimum size limit of 356 mm TL and bait restrictions were established. Also, closure of the Fishing Bridge area at
the outlet of Yellowstone Lake was instituted. From 1974–1985, after
it became apparent that the minimum size limit was depleting the
number of older and larger Yellowstone cutthroat entering spawning
streams, the size limit regulation was changed to a maximum size
limit of 330 mm TL. The daily bag limit of 2 fish was also retained.
This regulation succeeded in restoring older, larger sized trout to the
spawning populations. The period when older, larger age classes were
missing was associated with reduced fecundity. Conversely, when
older, larger fish were added back to the population fecundity increased. For example, total egg production in Clear Creek increased
from 6.2 million eggs to 29.6 million eggs (Greswell and Varley 1988).
Greswell and Varley (1988) estimated that between 1870 and
1920, sport anglers harvested about 2 million Yellowstone cutthroat
and that between 1920 and 1954 sport anglers had harvested about
5 million more Yellowstone cutthroat out of Yellowstone Lake. By
the late 1950s anglers were harvesting about 370,000 Yellowstone
cutthroat per year. The increasing stringent regulations caused
harvest rates to decline to about 100,000 fish by 1974 but the overall catch has increased because many fish are caught and released.
Today the populations in Yellowstone Lake, Wyoming, which
comprises 84,442 surface acres of habitat or about 67% of the entire
lake habitat originally occupied by Yellowstone cutthroat trout, is
under attack from nonindigenous lake trout. Lake trout were discovered in Yellowstone Lake in 1994 (Kaeding et al. 1996). Their
mode of introduction is unknown, but perusal of early stocking
records (Smith and Kendall 1921; From 1940) indicates that no lake
trout were stocked by fisheries agencies into the Yellowstone basin
through 1939. However, 30,000 lake trout were stocked in nearby
Shoshone Lake and 12,000 lake trout were stocked into Lewis Lake
in 1890. Smith and Kendall (1921) reported that lake trout were so
“plentiful” in Shoshone and Lewis lakes that one could be caught
“as fast as one could throw in a trolling spoon.”
Bioenergetics modeling suggests that an average sized lake trout
in Yellowstone Lake can potentially consume 41 Yellowstone cut-
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throat in a year (Ruzycki et al. 2003). The population of lake trout
in Yellowstone Lake is currently unknown but between 1994 and
2004 the National Park Service had removed more than 100,000
lake trout by gill netting (McIntyre 1995, Koel et al. 2005). Catch
per unit effort (CPUE) of lake trout increased from 0.1 to 5.5 lake
trout/ 100 m net set per night, then decreased to 0.9 lake trout/ 100
m net set per night by 2003 and increased to 1.7 lake trout/ 100 m
gill net set per net night in 2004 (Koel et al. 2005).
Counts of numbers of Yellowstone cutthroat trapped at Clear
Creek are indicative of the various factors that have impacted the
species in Yellowstone Lake over time. The number of adults spawning in Clear Creek dwindled from about 16,000 per year from 1946
to 1947 to 3,161 in 1954 coinciding with egg take operations (Benson
1961; Benson and Bulkley 1963). After egg collection ceased in 1956,
counts of spawners in Clear Creek increased to an average of about
7,300 annually from 1957–1961 and ranged from 32,000–70,000
annually from 1980–1988 (Greswell and Varley 1988). Since Lake
trout were discovered in 1994, the number of Yellowstone cutthroat
spawners in Clear Creek steadily declined down to 6,613 in 2002,
3,432 in 2003 and 1,438 in 2004 (Koel et al. 2005). Counts at Bridge
Creek began in 1999 when 2,363 spawners were counted. Counts of
spawners entering Bridge Creek decreased to about 1,100 in 2001 and
fewer than 100 in 2003. In 2004, only 1 cutthroat trout was counted
in Bridge Creek.
Other factors compound the problem of lake trout predation
on cutthroat trout in Yellowstone Lake. These include (1) The discovery of Myxobolus cerebralis, the parasite that causes whirling
disease, in juvenile and adult Yellowstone cutthroat trout; and (2)
regional drought in the Intermountain West between 1998 and
2004 that has caused flows in many tributaries streams to flow
subsurface through sand and gravel bars into the lake in the late
summer and fall. This causes stranding of cutthroat fry which are
normally migrating out of the tributaries into the lake at that time.

Coastal cutthroat trout
Homing of native anadromous coastal cutthroat trout back to the stream
of their birth for spawning is extremely precise (>99%). This is indicated by both tagging/recapture and genetic investigations (Summer
1952; Campton 1980; Johnston 1982; Campton and Utter 1987; Johnson
et al. 1999; Wenburg and Benton 2001). Hatchery coastal cutthroat
trout home with less precision (Pauley et al. 1989). Potamodromous
fluvial migrations occur in the Willamette River, Oregon, with fish
homing back to their natal tributary (Moring et al. 1986).
The swimming performance of coastal cutthroat trout, steelhead
trout and their hybrids were tested in a swim tunnel (Hawkins and
Quinn 1996). Steelhead had the highest critical swimming velocity
7.7 bl/s), coastal cutthroat the lowest (5.6 bl/s) and hybrids were intermediate (7.1–7.2 bl/s). Thus there is potential for competitive advantage of either steelhead or hybrids over coastal cutthroat trout.
The upper lethal temperature for coastal cutthroat is about
26°C. They preferred about 15°C, which matched the temperature
that maximized their scope for activity and growth (Bell 1986; reviewed by Johnson et al. 1999).
Where coastal cutthroat are found in sympatry with rainbow
trout, they tend to partition spawning habitat, with rainbow/steelhead
spawning in large river channels and coastal cutthroat spawning in
smaller headwater tributaries (Behnke 2002). This segregation keeps
these two species reproductively isolated. Stocking of hatchery raised
rainbow into headwater tributaries occupied by coastal cutthroat re1142

sults in hybridization and genetic introgression of rainbow genes into
the coastal population resulting in a “hybrid swarm” (Behnke 2002).
Habitat degradation caused by clear cutting in headwater streams has
also depleted coastal cutthroat populations (Bilby and Ward 1991;
Young et al. 1999).

Lahontan cutthroat
Lahontan cutthroat trout were indigenous to the Lahontan Basin of
California, Nevada, and Oregon (Hubbs and Miller 1948; LaRivers
1962; McAfee 1966; Gerstung 1988). This region was formerly occupied by Pluvial Lake Lahontan. The Lake’s surface once was about
22,450 km² (8,665 mi²), i.e., about the size of modern Lake Erie. The
ancestors of Lahontan cutthroat trout invaded and became established
in Lake Lahontan about 80,000 years BP (Gerstung 1988). Over thousands of years the lake receded and gradually became more and more
saline and alkaline measured as total dissolved solids (TDS) in parts
per million (ppm). Some of the Lahontan cutthroat possessed genes
(alleles) that allowed them to adapt to the high alkali salt concentrations. Eventually the lake desiccated into eleven smaller lakes, Tahoe,
Pyramid, Summit, Heenan, Walker, and Winnemucca lakes among
them, with TDS ranging from 5,500 ppm (in Pyramid Lake) to 12,500
ppm (in Walker Lake). Each of them maintained a native adfluvial
population of Lahontan cutthroat trout that grew to maturity in the
Lake and spawned in inlet or outlet tributaries of the lakes. Those in
Pyramid Lake grew to a large size, averaging about 9 kg (20 lbs), and
attaining maximum sizes of 18.6–28.1 kg (41–62 lbs) (Behnke 2002).
Also, the region was left with six major rivers. The Walker,
Carson and Truckee Rivers arise in the Sierra Nevada of California
and drain east into Nevada. The Walker River drains into Walker
Lake. The Carson River drains into the Carson Sink, Nevada,
where its waters simply sink into the sands. The Truckee River
arises in Lake Tahoe, California/Nevada and drains into Pyramid
Lake, Nevada. The Reese River arises in the Toiyabe Range in
Central Nevada and drains north where it disappears into the
sands of north central Nevada. In extremely high flow years it is a
tributary of the Humboldt River. The Humboldt River arises in the
Independence and Santa Rosa mountains in northeastern Nevada
and drains northwest into the Humboldt Sink. The Quinn River
arises in the Steens Mountains in southeastern Oregon and drains
south into the Black Rock Desert in Nevada.
Each of the rivers contained a Lahontan cutthroat trout population that was geographically isolated and gradually became
adapted to the local environment. The riverine populations established either a resident or fluvial life history, seldom lived more
than 4 years and grew to a maximum size of abut 400 mm (16 in).
Genetic analysis has revealed that: (1) Lahontan cutthroat were
genetically differentiated from other species of cutthroat rainbow
trout (Leary et al. 1987); and (2) Lahontan cutthroat is isolated
river drainages of the Great Basin (Walker, Carson, Trucker Reese,
Humboldt and Quinn rivers) were genetically distinctive from one
another (Loudenslager and Gall 1980; Gall and Loudenslager 1981;
Dunham et al. 1999; Nielson and Sage 2001).
In the 1800s eleven lake dwelling populations of Lahontan cutthroat trout occupied 135,000 hectares (333,592.6 acres) of lake
habitat and at least 400 stream dwelling population occupied 6,100
km of stream habitat (Gerstung 1988). Currently (2008) there remain 5 lake populations that occupy 60,524 hectares of lake habitat and 123–129 stream populations that occupy 490 km of stream
habitat (Gerstung 1988; Coffin and Cowhorn 1995; Dunham et al.
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1997, 1999; USFWS 2007). Thus, Lahontan cutthroat trout were
compressed into just 44% of its former lake habitat and 8% of its
former river habitat.
Gerstung (1988) reviewed the factors responsible for the decline
of Lahontan cutthroat trout in each of the six river basins. Many
populations in their native range have gone extinct owing to:
1.

Introduction of nonindigenous rainbow and
Yellowstone cutthroat trout, which hybridize with
the Lahontans, resulting in sterile or less fertile offspring, or introgression of rainbow and Yellowstone
cutthroat genes into the native Lahontan cutthroat
population (Miller and Alcorn 1945; Needham and
Gard 1959; Gerstung 1988).

2.

Introduction of nonindigenous, piscivorous salmonids, such as brown trout or lake trout, which resulted
in substantial predation on Lahontans (McAfee 1966;
Moyle 1976; Gerstung 1988). Predation by lake trout
was thought to play a major role in the extinction of
Lahontan cutthroat in Lake Tahoe (McAfee 1966).

3.

Construction of irrigation diversion dams, which has
destroyed cutthroat habitat in streams by converting
them from free flowing to impounded conditions
(LaRivers 1962; McAfee 1966; Gerstrung 1988). Dams
also blocked their spawning migration routes thereby
preventing successful spawning.

4.

Overharvest in commercial and sport fisheries
(Gerstung 1988).

5.

Livestock grazing in stream corridors, which have
caused riparian damage and stream bank erosion
(Gerstung 1988).

The Pyramid Lake population became extinct in 1938 owing
to a dam constructed on the Truckee River that blocked access to
their spawning grounds and over harvest by commercial fisherman (Coleman and Johnson 1983; Wood 1986). Later, the Nevada
Department of Fish and Game successfully restored Lahontan
cutthroat to Pyramid Lake by stocking hatchery reared fish from
Summit Lake, Nevada and Heenan Lake, California, although the
genetic stocks from these two lakes grew only to an average size of
2.3–3.6 kg (5 to 8 lbs). In the late 1970s eggs collected in Pyramid
Lake and raised in fish hatcheries were shipped to Washington
State for stocking into alkaline Lake Lenore in Grant County.
Before Lake Lenore was stocked with Lahontan cutthroat trout,
the Colville Confederated Tribes (with the assistance of the United
States Fish and Wildlife Service) obtained Lahontan cutthroat trout
and stocked them in Omak Lake, an alkali lake on the Colville
Indian Reservation (Kucera et al. 1985). The tribe annually collects
eggs from the adult spawners that return to an egg collection facility on the lake, hatches the eggs and raises resulting fry in a fish
hatchery until they are stocked back at the egg collection facility.
Until 1977 Lake Lenore was fishless owing to its high pH of
10. However, its pH had decreased owing to ground water seepage associated with irrigation from the Columbia Basin Project
(Edmondson and Anderson 1965; Edmondson 1969, 1982, 1983,
1992). Merill Spence and Bill Zook, WDFW fish biologists in region
2 (Ephrata), obtained 30 Lahontan, 100–150 mm TL, from Omak

Lake, placed them in live cages in Lake Lenore in 1977 and held
them for several weeks. All of the fish survived and were eventually released into the Lake. A year later, 8 of the 30 fish were caught
in the lake. In 1979, WDFW stocked Lahontan cutthroat trout from
Pyramid Lake, Nevada into Lake Lenore. Because there were no
other fish to compete for food, Lahontan cutthroat in Lake Lenore
typically grew to a size of 1.4–3.6 kg (3–8 lbs) (Foster et al. 1995).
By the mid 1980s Lake Lenore had gained a national reputation
for large sized Lahontan cutthroat trout and soon after the average
size of Lahontan began to decline. By the mid 1990s WDFW reduced the stocking rate and restricted harvest. These adjustments
increased the average size of Lahontans in the lake.
Meanwhile, WDFW had developed a Lahontan cutthroat trout
egg collection program at Lake Lenore commencing in 1987 and
has continued to obtain eggs in most years since then. The eggs are
raised and stocked into waters in Adams, Douglas, Grant, Lincoln,
Okanogan and Spokane Counties.
At Sprague Lake, large numbers totaling 480,336 Lahontan cutthroat were stocked for three years following a rotenone treatment
in the fall of 1985 in order to provide an interim fishery until self
sustaining populations of warm water species became established
in the lake. In 1987, anglers (n = 45,721) fished 192,028 hours and
caught 9,723 Lahontan cutthroat trout in Sprague Lake (Whalen
1989; Willms et al. 1989). In 1988, anglers (n = 47,179) fished 179,283
hours and caught 21,514 Lahontan cutthroat trout (Willms 1989;
Willms et al. 1989). In 1999, anglers (n = 16,937) fished 82,012
hours and caught no Lahontan cutthroat trout (Taylor 2000). In
electrofishing and gillnet surveys 221 Lahontan cutthroat (140–
514 mm TL) were among 5,086 fish collected in 1988 (Willms et al.
1989) and 5 (345–597 mm TL) were among 534 total fish captured
in 1991, the last time any were found in Sprague Lake (Scholz 1992).
None were among 19,961 total fish captured in 1993, 1994, 1996,
1997, 1998, 1999, 2003, 2005 and 2006 (Scholz 1994, 1995, 2006,
2007; Jackson 2000; Taylor 2000; Schmuck and Petersen 2006).
It is interesting that no Lahontan cutthroat trout were observed
in Sprague Lake after 1991 because 564,830 were stocked between
1990 and 1995. Apparently, these Lahontan became fodder for burgeoning populations of walleye, largemouth bass, and smallmouth
bass that had become established in Sprague Lake.
Palmer Lake, Okanogan County, was planted with a total of
542,285 Lahontan cutthroat fry in 1985, 1986, and 1987 and 12,992
Lahontan cutthroat fingerlings in 1995. No Lahontan cutthroat
were among 2,911 total fish captured during electrofishing, gill net
or fyke net surveys, conducted in Palmer Lake in 1999 (Osborne
et al. 2003) or among 2,522 captured in similar surveys in 2005
(Peterson and Schmuck 2006b).
Lahontan cutthroat are obligatory stream spawners. Some adfluvial Lahontan cutthroat trout make migrations of 140–200 km
but most resident and fluvial populations make much shorter migrations (Gerstung 1988). Lahontan cutthroat trout prefer to spawn
in 6–50 mm size gravel, water velocities of 4–6 cm/sec and water
temperatures <13.3°C (Vigg and Koch 1980). Fry residing in streams
preferred water depths of less than 8 cm and current velocities less
than 15 cm/sec (reviewed by Gerstung 1988). Most (about 80%) of
adfluvial Lahontan cutthroat trout migrate into their lake soon after
emerging from the spawning gravel. About 20% of the population
migrates to the lake when they are about 1 year old.
Lahontan cutthroat trout are tolerant of both high temperatures
and high alkalinity. They survived for >96 hours at a temperature of
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24°C (Dickenson and Vineyard (1999). They survived in water from
nine lakes in which salinity ranged from about 90–12,000 mg/L and
alkalinity ranged from 60–3,500 mg/L as HCO₃- (bicarbonate ions)
(Galat et al. 1985). Part of their survival appears to be linked to a
mechanism where they absorb divalent cations (Ca++ or Mg++) in exchange for ammonia (NH₃+) excretion (Iwama et al. 1997).

Westslope Cutthroat
Behnke (1979), based on early records of fish distribution, hypothesized that westslope cutthroat trout were excluded from regions
occupied by steelhead/rainbow trout. Competitive interactions between these two species and hybridization between them favored
rainbow trout where they occurred sympatrically. Behnke noted that
wherever rainbow trout were stocked into westslope cutthroat trout
waters, they almost invariably eliminated them either by competition
or hybridization. The westslope cutthroat trout is known to hybridize with rainbow trout in nature and produce fertile offspring. The
offspring intergrade between the two parents and back cross with
either parent producing “hybrid swarms.” Interbreeding usually results in introgression of dominant rainbow trout genes into the cutthroat population. Hence, Behnke concluded that the distribution of
westslope cutthroat trout was either restricted, or at least confined
principally to, locales upstream from barrier falls that blocked migrating steelhead/rainbow trout. For example, on the Spokane River
westslope cutthroat trout occurred upstream of Spokane Falls and
steelhead/rainbow occur below them. In the Pend Oreille River,
westslope cutthroat occurred upstream of the Z-Canyon, which
acted as a velocity barrier, and steelhead/rainbow occurred below it.
Protein (Loudenslager and Gall 1980; Leary et al. 1987;
Allendorf and Leary 1988) and msDNA (Shaklee and Young 2000;
Taylor et al. 2003) studies have demonstrated that populations
of westslope cutthroat from different tributaries are genetically
divergent throughout their range. This genetic divergence is represented by allelic variation in each tributary population that is
in Hardy-Weinberg equilibrium. Some alleles are unique (i.e., appear to be restricted to a single population or populations within
a watershed). Such findings are consistent with the hypothesis
that precise reproductive homing occurs in this species. These genetic differences may reflect local adaptations to the environment
that are important to the survival of this species across its geographic range. Consequently, the genetic diversity of each stock
needs to be protected and as many stocks as possible should be
maintained.
Young et al. (2004), based on analysis of five msDNA loci, concluded that westslope cutthroat trout from 8 tributaries of the Pend
Oreille River are subdivided into distinct genetic populations. Each
sampling location had a distinctive frequency of alleles that were
in Hardy-Weinberg equilibrium. Limited gene flow was the most
likely explanation for the observed genetic divergence among the
population because the westslope cutthroat trout population exceeded 2,000 individuals in all but one of these tributaries, which
ruled out the possibility of genetic drift due to very small populations in these streams. Limited gene flow probably related to the
fact that these tributaries produced mainly resident westslope cutthroat that were isolated by physical barriers that prevented migration. The Kalispel Tribe had set up migration traps in 12 tributaries
to monitor fluvial migration between the Pend Oreille River and
each tributary over a three year interval (1988–2000) and captured
a total of 42 westslope cutthroats in them, 13 migrating upstream
1144

and 29 migrating downstream (Scott 1999; Lockwood et al. 2001).
These data indicated the Pend Oreille tributaries contained principally resident populations of cutthroat trout.
Extensive stocking of both rainbow and/or Yellowstone cutthroat trout occurred in both the mainstem and tributaries of the
Pend Oreille River. Despite this, only limited evidence of genetic
introgression by either species was found, indicating the majority
of westslope cutthroat trout populations in the Pend Oreille Basin
are genetically pure (Young et al. 2004).
Genetic introgression of rainbow trout genes into westslope
cutthroat trout was documented at several locations throughout
the native range of westslope cutthroat trout (Leary et al. 1984;
Rubige et al. 2001; Rubige and Taylor 2004, 2005; Allendorf et
al. 2004; Bettles et al. 2005; Compton and Kaeding 2005). For
example, in the Kootenay River, British Columbia, 16 of 356 fish
examined at 7 of 11 sites in 5 of 8 streams were hybrids. These
hybrids represented a hybrid swarm composed of F₁ hybrids, and
F₂ backcrosses to both westslope cutthroat and rainbow trout
(Rubige et al. 2001).
Griffith (1988) reviewed the competition between westslope
cutthroat trout and other salmonids. Stocking non-indigenous
brook trout into streams with indigenous population of westslope
cutthroat trout has nearly always resulted in replacement of the
cutthroat trout by the brook trout. Brook trout constantly dominated cutthroat trout in tributaries of the Clearwater River, Idaho
because they emerged from their redds at an earlier date and maintained a 20 mm size advantage over the cutthroat throughout their
lives (Griffith 1972). Also, non-indigenous kokanee salmon also
competed with indigenous westslope cutthroat for zooplankton in
the lakes of Glacier National Park, Montana (Marnell 1988).
Fluvial and adfluvial westslope cutthroat make migrations of
up to 214 km (Bjornn and Mallet 1964; Liknes 1984; Trotter 1989;
Schmetterling 2001). The distance migrated seemed to be correlated with the amount of pool habitat. Westslope cutthroat trout
moved relatively short distances in streams with numerous pools
and longer distances in streams with fewer pools (Peters 1988). The
presence of westslope cutthroat in excess of 500 mm in the Methow
River suggested that they may make a fluvial or adfluvial migration
to feeding grounds in Columbia River reservoirs (Peven 2003).
Roscoe (1974) and Behnke (1979) speculated that westslope cutthroat trout, during the Ice Age occupied a refuge in Glacial Lake
Missoula, Montana. These fish were transported by flood events when
the Ice Dam that formed the lake suddenly burst. Westslope cutthroat
were carried into the Methow, Chelan, Entiat, Wenatchee, and Yakima
rivers along the eastern slopes at the Cascade Mountains. They were
also carried down the Palouse River into the Snake River and, hence,
into the Tucannon River, Columbia County, and into the Clearwater
and Salmon rivers, Idaho.

Pink salmon
In season homing (Helle 1966) and natal homing (Davidson 1934,
1937; Pritchard 1938, 1939; Gharrett 1985; Lister et al. 1991; Quinn
1993; Altukhov and Salmonkova 1994; Thedinga et al. 2000) have
been documented in pink salmon. Natal homing by pink salmon
ranged from 88.5–99.9%. Of 391,494 pink salmon fry marked in
1996, a total of 3,907 (1%) were recovered on spawning grounds in
1998, including 3,828 (98%) homing to their natal tributary, and
79 (2%) straying to other locations (Thedinga et al. 2000). Pink
salmon strays also rapidly colonized the upper Fraser River fol-
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lowing a rockslide at Hells Gate (Vernon 1962). Pink salmon transplanted into a tributary of Lake Superior strayed and rapidly colonized the Great Lakes (Kwain and Laurie 1991).
Upper lethal of juvenile pink salmon were 23.9°C (75.0°F) respectively and 12–14°C (53.6–57.2°F) (Brett 1952). Juvenile pink
salmon are preyed upon by coho salmon, Dolly Varden, northern
pikeminnow and sculpin (Scott and Crossman 1973; Wydoski and
Whitney 1979; 2003). In one stream (Hooknose Creek, King Island,
British Columbia), about 500,000 juvenile pink salmon were consumed by coho salmon, prickly sculpin and coast range sculpin
(Hunter 1959). Predation losses in Hooknose Creek amounted to
23–85% of all downstream migrant pink salmon in two different
years (Hunter 1959). This high level of predation is ameliorated to
some extent by the fact that about 15% of the pink salmon spawning
escapement in Hooknose Creek spawn in areas of tidal influence
(Neave 1966). Crows, water ouzel, mergansers, arctic tern, muskrat
and river otters were also reported to consume downstream migrating pink salmon fry (Heard 1993).
Adult pink salmon at sea were consumed by 15 species of marine mammals, including harbor seals, northern fur seals, Pacific
white-sided dolphins, off the coast of Washington and mouth of
the Columbia River (Fiscus 1980). They are also preyed upon by
several species of sharks and pacific halibut Hippoglossus stenolepis
(Heard 1991).

Chum salmon
Chum salmon have a strong homing tendency as indicated by
returns of adults that were marked as juveniles to the stream of
release. For example, Salo and Nobel (1952a, 1952b, 1953) released
marked chum salmon into Minter Creek, Washington over two different years. During the subsequent, spawning seasons, they monitored Minter Creek and several other nearby creeks for marked
fish. They found their marked adults only in Minter Creek.
Foye (1981, cited in Lister et al. 1981) marked 275,305 chum
salmon from Inches-Banner Creek, a tributary of the Fraser River,
British Columbia, with fin clips. Of those recovered during the
spawning season, >99.9% were recovered in Inches-Banner Creek
and <0.1% strayed into other streams.
Fuss and Hopely (1991) tagged five consecutive broods of chum
salmon released at the Hood Canal Hatchery, Washington. These
fish returned mainly to the Hood Canal hatchery with very few fish
straying to other streams in Hood Canal.
Smoker and Thrower (1995) tagged approximately 20,000 chum
salmon a year for 8 years (1981–1988) with coded wire tags. The fish,
reared at a hatchery in Juneau, Alaska were transplanted into several
rivers. All recoveries during the spawning season were in the river of
release; 0% strayed to other sites.
The upper lethal temperature for pink salmon was 23.8°C
(74.8°F) but temperatures above 15°C (59°F) were usually avoided.
The preferred temperature was between 12–14°C (53.6–57.2°F)
(Brett 1952). Chum salmon juveniles were preyed on by coho
salmon, sculpins and river otter (Salo 1991). Mortality of juvenile
chum salmon in freshwater averaged (ranged) 45% (22–58%) in 5
different rivers (reviewed by Salo 1991).
Mortality at sea especially during the first 5 months is also high.
Daily rates of mortality, during the first few days of ocean life were
estimated at 31–46% of the population that entered salt water (reviewed by Salo 1991), and that survival after the first 5 months of

marine life was only about 5.4% of the population that entered the
ocean (Parker 1962).
Known predators of juvenile chum salmon include cutthroat
trout, coho salmon, rainbow trout, Dolly Varden, sculpin, belted
kingfisher Ceryle alcyon, pigeon guillemot Cepphus columba, marbled murrelets Brachyramphus marmoratus, pelagic cormorants
Phalacrocorax pelagicus and cormorants Mergus sp. (Allen 1974;
Hale 1981; Pauley et al. 1988). Salmon sharks Lamna distropis, Killer
whales Orcinus orca, sea lions Eumetopias jubatus and Zalophus
californicus and harbor seals Phora vitulina are the most important
predators of adults while at sea (Bokkala 1970; Pauley et al. 1988).

Coho salmon
In season homing (Hasler and Wisby 1954) ) and natal homing
(Shapavalov and Taft 1954; Donaldson and Allen 1957; Jensen and
Duncan 1971; Scholz et al. 1975; Cooper et al. 1976; Heard and
Crone 1976; Hasler et al. 1978; Quinn and Tolson 1986; Risenbichler
1988; Johnson et al. 1990; Labelle 1992) have been documented in
coho salmon. For example, in 1950, coho salmon from Soos Creek,
a tributary of the Green River (Lake Washington Watershed) were
incubated in Soos Creek until the eyed egg stage (Donaldson and
Allen 1957). They were then subdivided into two lots, with one lot
shipped to the WDFW hatchery on Issaquah Creek and the second
lot shipped to the UW Fish Hatchery. They were hatched and reared
at these two sites until they were marked and released at the smolt
stage. The Issaquah Hatchery group (n = 36,833, RV clip) were liberated into Issaquah Creek. The UW hatchery group (n = 34,405; LV
clip) were liberated at the hatchery outfall into Lake Union. Both
groups of fish migrated out the Lake Washington ship canal into
Puget Sound. Of the fish reared at Issaquah Hatchery, 92 were recovered in Issaquah Creek, 186 were harvested in the fishery, zero
returned to Soos Creek, zero returned to the UW Fish Hatchery
ladder, and zero returned to other locations. Of the fish reared
at the UW Hatchery, one was recovered in Issaquah Creek, 195
were harvested in the fishery, 124 were recovered in the UW Fish
Hatchery ladder, zero returned to Soos Creek, and zero returned
to other locations.
From 1994–1998, coho salmon smolts were tagged and released
in nine tributaries that entered the Strait of Georgia along a 150 km
section of the east coast of Vancouver Island. Three year old adults
(n = 32,550) were recovered when they returned to spawn (Labelle
1992). On average, 95.3% of the adults homed to the stream where
they were released and 4.7% strayed into a different stream (Labelle
1992).
Genetic evidence also supports precise reproductive homing by
coho salmon. Small et al. (1998) examined genetic variation among
16 populations of coho salmon occupying different tributaries of the
Fraser River, British Columbia using three micro-satellite loci. All
of these populations save two in close proximity had significantly
different allele frequencies, indicating that stock-structuring was
evident. Bartley et al. (1992) also found different allele frequencies
in 27 California populations of coho salmon using 23 allozyme loci.
Forbes et al. (1983) used the polymerase chain reaction to amplify
introns of two growth hormones genes (GH-1 and GH-2) in coho
salmon populations from the Columbia River and Oregon coast.
Population studies showed highly significant frequency difference
in the GH-1 alleles between populations from the Columbia River
and Oregon coast, and marginal differences among stocks within
these regions. Weitkamp et al. (1995) examined isozymes represent-
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ing 53 polymorphic gene loci from 13 populations of coho salmon
in the lower Columbia River below Bonneville Dam, 1 population
from California, 15 populations from the Oregon coast, 5 populations from the southwest Washington coast, 4 populations from
the Olympic peninsula, 15 populations from Puget Sound, 7 populations from British Columbia and 4 populations from Alaska. All
of the samples from the lower Columbia River and Southwestern
Washington clustered together, yet each of these populations had
some genes that had different allele frequencies, that was best explained by precise reproductive homing.
The upper lethal temperature for coho salmon fry was 25.1°C
(77.2°F) and preferred temperature was 12–14°C (53.6–57.2°F)
(Brett 1952). Important predators of coho fry included rainbow
trout, mountain whitefish, torrent sculpin, Dolly Varden charr,
northern pikeminnow, bullfrog (Lithobates catesbeianus), garter snake (Thamnophis sirtalis), Caspian tern (Hydroprogne caspia), dippers (Cinclus mexicanus), robins (Turdus migratorius),
crows (Corvus brachyrhynchos), kingfisher (Megaceryle alcyon),
loon (Gavia immer), double crested cormorant, great blue herons
(Ardea herodias), and common mergansers (Mergus merganser)
(Scott and Crossman 1973; Patten 1977; Zarnowitz and Raedaki
1984; Sandercock 1991; Garwood et al. 2010). Mammals such as
mink (Neovison vison), and river otter (Lutra canadensis), also prey
on fingerlings and smolts.
Adult coho are preyed upon by Pacific lamprey, spring dogfish,
sharks (squalus acanthias), salmon sharks (lamna ditropis), daggertooth (Anotopterus pharao) Bonaparte’s gulls (L. glaucescens),
California sea lions, stellar sea lions and killer whales (Hartt 1980;
Sandercock 1991).
Coho salmon formerly spawned in the Yakima Basin (enters
Columbia River at RKM 536). Spawning areas were located in
the upper Yakima mainstem and in the Cle Elum, Kachess, and
Naches rivers, and in Umtanum and Taneum creeks (Fulton 1970).
Historical returns of coho in the Yakima Sub-basin numbered
between 50,000–110,000 coho annually (Dunnigan et al. 2002).
Coho salmon became extinct in the Yakima River in the early
1980s. From 1985–2000 the Yakama Indian Nation released a total of 11,711,410 coho smolts, raised in hatcheries near Bonneville
Dam, into the Yakima and Naches Rivers (Dunnigan et al. 2002).
The purpose of these stockings was to determine the feasibility of
re-establishing sustainable, self reproducing populations of coho
salmon in the Yakima Basin.
Table 16.15 presents the data for the first 16 years (1985–2000)
of releases of coho into the Yakima River. A substantial number
of coho smolts were killed between their release sites in the upper Yakima and Naches rivers and the Chandler juvenile passage
facility in the lower Yakima River. Smolt survival to Chandler averaged (ranged) 37.8% (11.4–73.3%) during the interval. Smolt survival appeared to be associated with distance upstream from the
mouth of the Yakima River that the smolts were released. Those
groups released farthest upstream experienced the lowest survival,
probably because they were exposed to predators such as northern
pikeminnow, smallmouth bass, channel catfish and piscivorous
birds for a longer time. Smolt survival decreased from 1985–2000
because more fish were released further upstream in the Yakima
and Naches rivers. In 1999 and 2000, the two years with the lowest
smolt survival, all of the smolts were either released in the upper
Yakima or upper Naches rivers. Table 16.15 also provides jack and
adult returns for each release as well as the percentage of fish re1146

leased that survived to spawn and the percent of smolts counted at
the Chandler juvenile facility that survived to spawn.
Since 1986, attempts were made to develop a local Yakima broodstock from fish that had homed successfully back to the Yakima River
(Dunnigan et al. 2002; Bosch et al. 2007). The coho used for transplantation normally had to migrate about 250 km to reach their natal
tributaries, now had to migrate about 536 km just to reach the mouth
of the Yakima River. It was hoped that by using fish that survived to
spawn in the Yakima River, the smolt to adult survival and homing
accuracy would improve over time as the numbers of Yakima brood
fish ramped up. This was a deliberate attempt at genetic manipulation
to create a coho stock that was locally adapted to the Yakima River.
Smolt to adult returns to the Yakima improved over six fold between 1986 and 2003 as increasing numbers of Yakima broodstock
smolts were added (Dunnigan et al. 2002). Increased numbers of
Yakima broodstock come from two sources: 1) Hatchery smolts whose
parents had homed back to the Yakima River and were spawned,
and 2) Fish that spawned naturally in the Yakima River. For example,
4,679 fish were counted at Prosser Dam (Yakima RKM 75.6) on the
lower Yakima River in 1998, of which 399 were collected for hatchery broodstock, leaving 4,379 fish to spawn naturally in the Yakima
River. Assuming that 2,274 of these were females with a mean fecundity of 2,923 eggs/female, approximately 6.6 million eggs were deposited in the Yakima River in Brood Year 1998. In 2000, when these fish
smolted, 31,070 natural smolts and 167,910 hatchery smolts were enumerated at the Chandler Juvenile Monitoring Facility at Prosser Dam.
Egg to smolt survival was estimated at 0.46% for the wild fish. In the
fall of 2001, when the fish returned to the Yakima River as sexually mature 3 year old adults, the numbers that were counted at Prosser Dam
included 3,464 hatchery adults, and 1,502 wild adults (4,966 adults
total). Smolt to adult survival estimates were calculated at 2.06% for
hatchery-origin fish and 4.83% for natural origin fish (Dunnigan et
al. 2002).
A radio telemetry study was conducted from 1999–2001, with
293 coho captured at Prosser Dam and released 0.8 km above it, to
identify the spawning areas of coho in the Yakima Basin (Dunnigan
et al. 2002). Most coho spawned in the lower Yakima and its tributaries downstream from Selah, WA. Although they homed to the
Yakima River, they did not home well to acclimation sites in the
Upper Yakima and Naches river tributaries where they had been
released as smolts (Dunnigan et al. 2002). It was speculated that
the poor homing to release sites was related to the fact that these
coho had originated in tributaries of the lower Columbia River and
lacked the stamina to migrate so far upstream in the Yakima River.
They were genetically programmed to migrate about 250 km up
the Columbia to reach their natal tributary but now had to migrate
536 km up the Columbia just to reach the mouth of the Yakima
plus 150–200 km up the Yakima to reach the transplant sites.
Native stocks of coho were extirpated from the Wenatchee (Columbia
River RKM 749), Entiat (RKM 774) and Methow Rivers (RKM 838) in the
early 1900s (Craig and Soumela 1941; Fulton 1970; Mullan 1983). Stocks
from the lower Columbia River were introduced into the Wenatchee
River and its tributary Icicle Creek between 1942 and 1974, the Entiat
River between 1943 and 1960 and the Methow River between 1944 and
1968. Soon after the stocking stopped, the number of coho dwindled as
evidenced by the number counted at Priest Rapids, Rock Island, Rocky
Reach, and Wells dams. By the 1990s almost no coho were counted at
any of these dams. Since 1998 the Yakama Tribe has been using coho
stocks returning to tributaries of the lower Columbia river below

Fishes of Eastern Washington: A Natural History

Subfamily Salmoninae

Table 16.15

Coho salmon smolt releases and jack and adult recoveries in the Yakima and Naches Rivers (1985–2001). Data from
Dunnigan et al. (2002).
Prosser Dam counts

Year of
release

# smolts
released

Chandler
passage

Smolt
survival (%)

Year of
adult return

# Adults

# Jacks

Total

Smolt to
adult survival¹

1985

260,690

117,558

45.1

1986

230

0

230

0.09

Smolt to
adult survival²

1986

84,879

48,349

57.0

1987

82

1

83

0.1

0.17%

1987

492,415

193,777

39.4

1988

18

0

18

>0.01

0.01%

1988

828,269

606,926

73.3

1989

282

9

291

0.03

0.05%

1989

700,186

224,670

32.1

1990

289

0

289

0.04

0.13%

1990

505,263

158,305

31.3

1991

230

39

269

0.05

0.15%

1991

483,256

112,975

23.4

1992

137

53

190

0.04

0.16%

1992

631,358

110,999

17.6

1993

162

3

165

0.03

0.19%

1993

534,246

82,589

15.5

1994

532

28

560

0.1

0.65%

1994

772,551

403,774

52.3

1995

650

75

725

0.09

0.17%

1995

699,474

411,733

58.9

1996

921

417

1,338

0.14

0.24%

1996

1,218,221

785,978

64.5

1997

1,241

71

1,312

0.14

0.21%

1997

1,040,602

306,520

29.5

1998

4,591

88

4,679

0.45

1.52%

1998

1,400,000

472,820

33.8

1999

3,532

411

3,943

0.26

0.77%

1999

1,030,000

111,710

11.4

2000

5,673

465

6,138

0.59

5.45%

2000

1,030,000

202,415

19.7

2001

4,966

68

5,034

0.53

2.68%

Average

731,963

271,944

37.8

1,434

108

1,579

¹ = Combined adult (release year i +1) and jack (release year i) returns for total smolt release: e.g. for 2001, adult returns (release year 2000), the
calculation was (4966 + 465)/ 1,030,000 = 0.53%.
² = Combined adult (release year i + 1) and jack (release year i) returns for the Chandler passage estimates: e.g. for 2001 adult returns release year
2000, the calculation was (4966 + 465) / 202,415 = 2.68%.

Bonneville Dam in an attempt to reintroduce coho into the Wenatchee
and Methow rivers. This work has been documented in a series of reports (Dunnigan 1999; Murdoch 2001; Murdoch and Dunnigan 2002;
Murdoch and LaRue 2002; Murdoch et al. 2004, 2006a, 2006b, 2006c;
Murdoch and Kamphaus 2003; Kamphaus and Murdoch 2004, 2005;
Kamphaus et al. 2006). One major concern about the attempt to introduce lower Columbia coho into the middle Columbia tributaries was whether they had the stamina to migrate so far upstream
(Bernatchez and Dodson 1987).
Between 1998 and 2005, the Yakima Tribe stocked a total of
6,484,527 coho smolts into tributaries of the Wenatchee River and
1,819,933 coho smolts into the Methow River at Winthrop National
Fish Hatchery. Some of them were direct transfers of smolts
whose parents had returned to natal tributaries below Bonneville
Dam (migration distance ~ 250 km = Lower Columbia Brood fish
or LCB). Others were smolts whose parents had returned to the
Wenatchee or the Methow river or were collected at Wells Dam
(migration distance ~ 800–850 km = the mid-Columbia Brood fish
or MCB). Thus, the MCB fish were derived from a subset of the LCB
fish that made it back to the vicinity of their stocking location in
the mid-Columbia tributaries. By breeding 2nd, 3rd, and 4th generation MCB fish with each other it was hoped that artificial selection
would eventually select for genes associated with migrating longer
distances than LCB fish were accustomed.

Adults returning to the Wenatchee River were collected mainly at
Dryden (Wenatchee River RKM 28) and Tumwater (Wenatchee River
RKM 49) dams. Adults returning to the Methow River were collected
either at Winthrop NFH on the Methow River or Wells Dam. The
number of fish collected at each site is recorded in Table 16.16. These
adults were used for spawning MCB fish.
Lower River coho have to travel about 200–250 km up the Columbia
to reach their spawning streams, whereas those transplanted in the upper Wenatchee and Methow rivers have to travel between 750–850 km
just to reach the confluence of these rivers and about 80–90 km up
each of these rivers to reach their acclimation sites.
Additional adults spawned naturally in the Wenatchee and
Methow Rivers. Redd counts for each river from 2000–2005 are recorded in Table 16.17. With the exception of 2002, coho redd counts
have increased annually in each river.
In an experiment conducted in 2003/2004, coho salmon
(n = 451), presumably bound for the Wenatchee and Methow rivers, were implanted with radio transmitters at Priest Rapids Dam
(Murdoch et al. 2005, 2006b). Fish were monitored by a combination of fixed receivers and mobile tracking. These fish should
have homed back to their acclimation sites in the upper reaches
of the Wenatchee (Icicle or Nason creeks) or Methow (Winthrop
Hatchery) rivers.
Instead, the majority of these fish spawned in the mainstem
of the Columbia River below the confluence of Wenatchee and
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Table 16.16

Number of fish collected for developing mid-Columbia broodstock in Wenatchee and Methow Rivers. (NA= not available.).
Location

2000¹

2001²

2002³

2003⁴

2004⁵

2005⁶

Dryden Dam

874

1,157

213

1,654

1,457

1,336

Tumwater Dam

24

19

0

0

13

68

Icicle Creek

47

43

0

52

139

2

Priest Rapids Dam

0

19

0

0

0

0

945

1,238

213

1,706

1,609

1,406

Winthrop NFH

NA

334

43

165

105

130

Wells Dam

NA

0

9

43

13

224

0

334

52

208

118

354

Wenatchee Sub-basin

Total
Methow Sub-basin

Total

References: ¹Murdoch & Dunnigan (2002); ²Murdoch & LaRue (2002); ³Murdoch et al. (2004); ⁴Kamphaus & Murdoch (2005); ⁵Murdoch et al. (2006a);
⁶Murdoch et al. (2006b).

Table 16.17

Coho redd counts in Wenatchee and Methow sub-basins. (NA = not available.)
20001

20012

20023

20034

20045

20056

Icicle Creek

74

154

21

507

504

629

Nason Creek

3

3

1

6

35

41

Wenatchee River

0

0

5

73

121

224

Peshastin Creek

NA

2

1

17

33

25

Mission Creek

NA

NA

NA

23

17

10

Breder Creek

NA

NA

NA

1

4

7

Chiwaukum River

NA

NA

NA

NA

NA

1

Total

77

159

28

627

714

937

Location
Wenatchee Sub-basin

Methow Sub-basin
Methow River

NA

65

5

13

22

21

Beaver Creek

NA

NA

NA

5

1

0

Gold Creek

NA

NA

NA

3

0

0

Spring Creek

NA

NA

NA

7

8

22

0

65

5

28

31

43

Total

References: ¹Murdoch & Dunnigan (2002); ²Murdoch & LaRue (2002); ³Murdoch et al. (2004); ⁴Murdoch et al. (2005); ⁵Murdoch et al. (2006a);
⁶Murdoch et al. (2006b).

Methow rivers, or entered tributaries that joined the Columbia
below the confluence of the Wenatchee River. Data were obtained
on the spawning areas of 252 of them: 12 spawned in the Columbia
River between Priest Rapids and Wanapum dams; 123 spawned in
the Columbia River between Wanapum and Rock Island dams (including 27 coho that were attracted into Sand Hollow Wasteway
that joins the Columbia between Wanapum Dam and Vantage,
WA); 19 spawned in the Columbia River between Rock Island
and Wells dams; 94 entered the Wenatchee River; four entered the
Methow River and one was found in Wells Reservoir.
For those fish that did migrate into the Wenatchee River in
both years the majority returned to the lower Wenatchee, not Icicle
Creek or Nason Creek, the two sites in the upper Wenatchee River
where coho were stocked. Thus, it appears as if most of the fish
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lacked the energy reserves needed to get them back to their acclimation sites. For this reason, researchers began to develop the
mid-Columbia broodstocks, comprised of fish that successfully
homed back to the Wenatchee and Methow Rivers.
Anadromous migration is energetically expensive (Hinch and
Rand 1998, 2000). Wild salmon that make longer freshwater migrations can have up to four times the energy reserves of salmon that
make shorter freshwater migration (Brett 1995). Natural selection for
greater energy reserves is possible (Kinneson et al. 2001). By using
fish that successfully homed back to the Wenatchee and Methow
Rivers as broodstock, whether artificially or naturally reproduced,
researchers hope to increase the number of genes responsible for
greater energy reserves in the population and thus, achieve more
precise homing to acclimation sites and overall higher levels of re-
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turn in the future. So far, the results, which show increasing numbers
of coho returning to the Wenatchee and Methow Rivers over time,
are encouraging.
Smolt to adult survival for individual coded wire tagged groups
of coho in the Wenatchee and Methow river was determined by
Murdoch and Dunnigan (2002), Murdoch and LaRue (2002), and
Murdoch et al. (2004, 2006a, 2006b, 2006c). In general, smolt to
adult survival has been consistently highest in naturally produced
smolts and lowest in LCB fish. For example, in 2002, the smolt to
adult survival of wild smolts produced in the Wenatchee River was
0.90% compared to 0.28% for LCB fish released there. In 2002, the
smolt to adult survival of wild smolts produced in the Methow
River was 0.29% compared to 0.17% for LCB fish released there.
Thus, naturally reproduced fish, originally derived from LCB fish,
have higher rates of return than first time transplants of LCB fish.
MCB hatchery fish crossed with MCB hatchery fish had intermediate rates of return. These results suggest that wild coho may be
undergoing natural selection and MCB hatchery coho are undergoing artificial selection that are are gradually adapting them to the
Methow and Wenatchee rivers.
Taylor and McPhail (1985a, 1985b) have shown that coastal and
interior coho have morphological and physiological differences that
are inherited. Coho from interior populations were more fusiform,
had longer heads, and less median fin area than coastal forms. The
characters of the interior form were thought to be adaptation for
making long, arduous migrations in freshwater. Juveniles could be
successfully classified as belonging to either the coastal or interior
form with 93% accuracy. Eggs of either coastal or interior populations
raised in a hatchery exhibited the same morphological differentiation
as their parents. The morphological differences between coastal and
interior coho salmon were thus thought to be local adaptations that
are inherited (Taylor and McPhail 1985). Coho from interior populations, tested in a swim tunnel, had greater sustained swimming ability (stamina) than those from coastal populations. In contrast, coho
from coastal populations were more robust and had greater sprint
speed than interior populations. It was concluded that differences in
swimming performance was probably “adaptive and related to difference in the energetic demands of their respective freshwater migrations.”
Fleming and Gross (1989) also found that coho salmon “become more
streamlined with increasing migration ardousness.”
EWU biologists Katie Wagner and Professor Thomas Hancock
are currently analyzing the LCB and 2nd generation hatchery MCB
fish in a Blazka respirometer. Swimming ability was assessed by
measuring the critical swimming speed (Ucrit). Ucrit is the maximum
sprint speed that can be sustained by the fish. Preliminary data
indicated that MCB fish had significantly reduced Ucrit compared
to LCB stock when fork length was standardized (Wagner and
Hancock 2009). This result was similar to Taylor and MacPhail’s
(1985b) finding that coastal coho had a greater sprint speed than
interior coho. Future studies to assess stamina in the swim tunnel
and physiological characteristics of the swimming muscles (to determine if they have enzymes associated with sprint or endurance
swimming) are planned. [See Wagner (2010) for more details.]
The Nez Perce Tribe is currently attempting to restore coho
salmon in the Clearwater River, a tributary that enters of the Snake
River RKM 224, Idaho using coho from the lower Columbia River.
It appears that these fish also may lack stamina to complete their
migration because a number of them have been captured in the
Tucannon River, which is a tributary that enters the Snake River at

RKM 99.5. Coho redds have been counted in the Tucannon River:
five in 2001, one in 2002, 11 in 2002, 11 in 2003, and 16 in 2004 (Milks
et al. 2005, 2006). Also, coho smolts were captured in a downstream
migration trap in the Tucannon River (135 in 2003 and 224 in 2004),
indicating that coho are naturally reproducing in the Tucannon
River (Milks et al. 2005, 2006).
Preferred temperature of coho was 12–14°C (53.6–57.2°F) and
upper lethal temperature was 25.1°C (77.2°F) (Brett 1952). At sea,
lamprey (Lampetra tridentata), dogfish (Squalus acanthias), and
salmon sharks (Lamna ditropis) prey on coho salmon (Larkin
1977). At least 15 species of marine mammals, especially harbor
seals (Phoca vitulina), northern sea lions (Eumetopias jubatus),
California sea lions (Zalophus californianus), and killer whales
(Orcinus orca) prey on coho (Fiscus 1980). Also, gulls (Larus philadelphia), glaucus-winged gulls (L. glaucescens), and arctic loons
(Gavia arctica) prey on coho (Mace 1983).

Golden trout
“California golden trout evolved in streams, in lush wet meadows
with dense grasses, sedges and other plants protecting the stream
bank from erosion and collapse” (Stevens et al. 2004). Preferred
temperatures of golden trout is 14–17°C (58–62°F) and upper lethal
temperature is about 21°C (70°F).
Preferred habitats of golden trout were pools or areas with
undercut banks, and willows or sedges providing overhead cover
(Matthews 1996a, 1996b). Golden trout avoided bare and collapsed
banks caused by overgrazing (Knapp and Matthews 1996).
Golden trout are rather sedentary. In resident populations in
small streams their home range measured about 19–69 m and they
rarely moved more than 5 m per day (Matthews 1996a, 1996b).
Golden trout are typically found at high elevations between
6,000 and 12,865 ft. They are generally not stocked in lakes that
contain other species of salmonid fishes because they are notoriously poor competitors for food and habitat.
See Stevens et al. (2004) for an interesting account of how
golden trout have been transplanted within the state of California.
After Colonel Chuck Yeager introduced his commanding officer,
General Irving Branch, to golden trout of the Sierra Nevada, the
General ordered Yeager and Bud Anderson to introduce golden
trout into mountain streams of New Mexico. Golden trout have
been transplanted into other western states including Washington’s
Cascade Mountains.

Interior (redband) rainbow trout
Repeat homing (Tilzey 1977) and natal homing (Taft and
Shapovalov 1938; Shapovalov and Taft 1954; Lindsey et al. 1959;
Wagner 1968; Ebel et al. 1973, 1975, 1980; Cooper et al. 1976; Slatick
et al. 1975, 1982, 1983, 1988a, 1988b; Scholz et al. 1978a; Schroeder
et al. 2001) have been documented in rainbow/steelhead trout.
Rainbow trout in these studies averaged (ranged) 89% (76–99%)
homing to the stream of release with stray rates at 11% (1–24%).
Allendorf (1975) first demonstrated coastal steelhead/rainbow
were genetically distinct from interior steelhead/rainbow (redband) trout in Washington, Oregon, and Idaho. This finding was
later confirmed (Utter and Allendorf 1977; Schreck et al. 1986;
Reisenbichler et al. 1992).
Beacham et al. (1999) investigated stock identification and population structure of steelhead/rainbow trout in the Columbia River
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based on msDNA variation. They found that each major tributary had
its own distinctive stock. Within a tributary, each drainage also had
distinctive populations although they were more similar to each
other than those from other tributaries.
In the Yakima River, resident rainbow trout and anadromous
rainbow trout (steelhead) spawn at similar times, in geographic
proximity, and in similar spawning habitat (Pearsons et al. 1993,
1994, 1996, 1998, 1999, 2003). Also, it has been documented
that both life history variants of O. mykiss interbreed in the
Yakima Basin (Pearsons et al. 2003a). Isozyme data indicated
that redband rainbow trout were genetically indistinguishable
from sympatric redband steelhead in several tributaries, indicating that the redband must be interbreeding with the steelhead (Phelps 2003; Phelps et al. 1994, 2000; Winans et al. 2004;
Pearsons et al. 2007).
Phelps et al. (2000), based on isozyme studies, identified four genetically distinctive steelhead/rainbow stocks in the Yakima Basin:
Satus Creek, Toppenish Creek, Naches River, and Upper Yakima River
(above Roza Dam). The Satus and Toppenish stocks were genetically
pure. The Naches and Upper Yakima rivers stocks had hybridized to
varying degrees with hatchery coastal steelhead/rainbow trout.
Trotter et al. (1999) examined the rainbow trout population in
one tributary of the Yakima River. About 75% of the individuals
were wild redband rainbow trout and 25% were coastal rainbow
trout. No hybrid redband rainbow/coastal rainbow were found.
The presence of coastal rainbow was the result of planting hatchery
fish that eventually established a naturally reproducing population.
Stocking of hatchery fish was discontinued in 1973.
Hershberger and Dole (1987) examined steelhead populations
from tributaries of the Columbia River between Rock Island and
Chief Joseph dams. They found relatively little genetic differentiation among populations in the Wenatchee, Entiat, Methow,
and Okanogan rivers. This was thought to be due to the Grand
Coulee Fish Maintenance Project which trapped all steelhead at
Rock Island Dam (RKM 729) from 1939–1943 and distributed them
in each of these tributaries. Wild populations from each tributary
would, thus, be expected to be genetically uniform.
Bettles (2004) examined the genetic structure at 16 microsatellite loci of three rainbow trout populations from Crab Creek,
Lincoln County: Crab Creek (n = 100), Wilson Creek (n = 8), and
Coal Creek (n = 21). The Crab Creek samples were compared to
four populations of redband rainbow trout from the Spokane River
Basin and Phalon Lake, four coastal rainbow hatchery strains
(including Spokane hatchery stock) derived from a mixture of
McCloud River, California coastal steelhead O. mykiss irideus (95%)
and Sacramento River redband trout O. mykiss stonei (5%), and one
population that was derived from Spokane Hatchery that developed
a wild spawning population in Buck Creek, tributary of the West
Branch Little Spokane River. This comparison was made to determine the ancestry of the Crab Creek rainbows. Crab Creek is characterized by having numerous waterfalls and dry stretches that act
as migration barriers to isolate naturally spawning rainbow populations within the creek. For example, Wilson Creek Falls isolated
the Wilson Creek population and a dry stretch at the creek mouth
that partially isolated the Coal Creek population. Crab Creek, Coal
Creek, and Wilson Creek have also been periodically stocked with
Spokane Hatchery rainbow trout. The Wilson Creek, Crab Creek,
and Coal Creek samples appeared to be genetically divergent from
one another, suggesting that there was little gene flow between these
1150

populations, which was consistent with their geographic isolation
from one another. The Crab Creek and Wilson Creek populations
were genetically more similar to the inland redband rainbow trout
populations than they were to the coastal steelhead populations, indicating that they had interior redband ancestry. The Coal Creek
population was more similar to the coastal steelhead stock from
the Spokane hatchery suggesting introgression of genes from the
hatchery fish into the Coal Creek population.
Genetic analysis of redband trout (n = 100) from Douglas Creek,
Douglas County was accomplished by comparing 14 msDNA loci
to six identified populations of redband trout, four populations of
coastal rainbow trout from Washington State Fish hatcheries, and
the Buck Creek rainbow population (Small and Dean 2007). The
objective of this study was to determine whether Douglas Creek
fish more closely resembled native redband trout or coastal rainbow trout. Comparisons indicated that the Douglas Creek rainbow trout were derived from hatchery coastal rainbow trout and
showed little or no ancestry with interior redband trout. This result
was surprising because these rainbow trout were naturally reproducing and persisting in Douglas Creek, in the absence of any recent hatchery plants. Moreover, they displayed phenotypic characters typical of redband trout e.g. a bright red lateral stripe, white
or orange markings at the base of their dorsal anal and caudal fins,
faint traces of cutthroat marks under the jaws and vestigial basibranchial teeth. Since the hatchery stock was derived from about
95% California coastal steelhead and 5% Sacramento River redband
trout, I speculate that, perhaps, those fish with Sacramento River
redband genes survived to successfully spawn in Douglas Creek
whereas those fish with coastal steelhead genes did not. It is also
possible that the coastal steelhead smolted and emigrated out of
Douglas Creek while those individuals that had redband rainbow
genes did not. This explanation could account for why the Douglas
Creek rainbow trout resembled redband trout.
Small et al. (2005, 2007) examined rainbow trout in 24 tributaries and the mainstem of the Spokane River (n = 1,502 rainbow
trout) using 13 msDNA loci. Population structuring was evident,
with rainbow trout from different tributaries being genetically distinct and in Hardy-Weinberg equilibrium and those collected from
sub drainages within a tributary were closely related, consistent
with a metapopulation stock structure. Comparisons with Spokane
Hatchery fish (a coastal steelhead/rainbow stock) indicated introgression of hatchery fish into some wild (redband) populations.
However, populations in the Middle and Upper mainstem and
most tributaries “were genetically distinct from hatchery fish and
appeared to be native inland redband trout.” One exception was
Buck Creek which was composed of hatchery fish that had developed a naturally spawning population by 1947. (Buck Creek was
last stocked in 1947). This population genetically resembled the
Spokane Hatchery stock, but were not identical to them.
Rainbow trout (n = 83) from 13 tributaries on the Colville Indian
Reservation were compared at 14 msDNA loci to seven previously
identified inland redband rainbow trout populations, four populations of coastal rainbow, and Buck Creek (Small and Dean 2006).
Trout from each tributary were genetically distinctive with slight
introgression by coastal origin hatchery rainbow in three tributaries. Four tributaries contained westslope cutthroat trout and two
contained Lahotan cutthroat trout.
Genetic analysis has been conducted on a population of rainbow
trout (n = 46) that was naturally spawning in Cottonwood Creek, a
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tributary of Rock Creek, Palouse River Basin (Fox 2005). Evidence
of natural spawning included the presence of four age classes of fish,
36–440 mm TL. Additionally, none of the fish showed fin erosion that
is typical of hatchery fish, suggesting the possibility that Cottonwood
Creek might harbor a population of native redband trout. Moreover,
the Cottonwood Creek fish resembled redband trout, by having traces
of yellow or orange cutthroat mark, vestigial basibranchial tooth,
creamy to orange tips on the dorsal, anal, and pelvic fins >140 scales on
the lateral line row and round parr marks (Fox 2005). However, WDFW
has stocked fingerlings or legal-sized Spokane stock coastal rainbow
trout reared at Ford Hatchery, into Rock Lake annually since 1966
and redband steelhead fry from Lyons Ferry Hatchery in 1987–1992
and 1997–1999. Cottonwood Creek enters Rock Creek about 6 km below the outlet of Rock Lake, so it was also possible that Cottonwood
Creek rainbow represented wild descendants of hatchery fish. The
Cottonwood Creek samples were compared to Spokane Hatchery
rainbow trout, Lyons Ferry Hatchery steelhead, wild redband trout,
and rainbow trout from Buck Creek. The Cottonwood Creek samples
were similar to both of the Spokane Hatchery stock and Buck Creek
stock. The Buck Creek stock had a genetic distance of 0.343 and a genetic identity of 0.760 when compared to the Spokane Hatchery Stock.
The Cottonwood Creek stock had a genetic distance of 0.267 and a
genetic identity of 0.765 when compared to the Spokane Hatchery
stock. The Cottonwood Creek fish most closely resembled Buck Creek
fish which has a genetic distance of 0.176 and a genetic identity of
0.839 when compared to the Spokane Hatchery stock. Thus, the most
logical explanation for the close genetic relationship between the
Cottonwood Creek, Buck Creek, and Spokane Hatchery rainbow trout
populations, would be that both creeks contain of wild descendants of
Spokane Hatchery fish. The genetic distance of the Cottonwood Creek
fish from the Spokane Hatchery fish was less than Buck Creek’s because Buck Creek was last planted in 1947 whereas Cottonwood Creek
(Rock Lake) was first planted in 1966.
The reason that Cottonwood Creek and Buck Creek rainbow trout
are genetically distinct from Spokane Hatchery fish can be explained
by unequal survival of hatchery fish. The Spokane Hatchery stock
of rainbow trout was derived from the McCloud River, California
that was composed 95% coastal steelhead O. mykiss irideus and 5%
interior redband trout O. mykiss stonei. If fish with redband genes
survived in Cottonwood and Buck creeks, whereas steelhead either
did not or emigrated out of them, this could account for the genetic
divergence of both populations from hatchery fish. What makes me
think this is a possibility is that rainbow trout in both streams phenotypically resembled McCloud River redband trout.
Brown et al. (2004) found that mtDNA haplotypes of redband
steelhead/rainbow trout from the Tucannon River, Lyons Ferry
and Wells hatcheries were genetically distinctive. Those of redband steelhead and redband rainbow trout from the Tucannon
River were genetically similar. A distinctive DNA haplotype was
found in six steelhead from the Tucannon River which was identical to that of the westslope cutthroat trout. No westslope cutthroat
trout have been reported in any recent fish surveys conducted in
the Tucannon River (Martin et al. 1992; Underwood et al. 1995;
Gephart and Nordheim 2001). In addition, Brown et al. (2004)
stated “WDFW stocking records indicate[d] that there has been no
documented releases of westslope cutthroat into the Tucannon River.”
Hence, Brown et al. (2004) suggested that the incorporation of the
westslope cutthroat genes into the Tucannon River steelhead resulted from, “a hybridization event of ancient origin” related to out-

burst floods from Glacial Lake Missoula about 10,000 years ago,
which likely displaced westslope cutthroat from a glacial refuge in
Lake Missoula to the Tucannon River. However, I have obtained
stocking records showing that the Tucannon River (Columbia and
Garfield counties) was stocked with 139,615 westslope cutthroat
trout between 1914 and 1921 (Darwin 1916a, 1917 1920; Dibble and
Kinney 1923). Additionally, 84,175 westslope cutthroat trout were
stocked in Pataha Creek, tributary of the Tucannon, in 1914, 1916,
1921 (Darwin 1916a, 1917; Dibble and Kinney 1923). These fish did
not persist in the Tucannon River as evidenced by the fact that
none were recovered in recent surveys. Thus, it is equally possible
that these were the cutthroat that hybridized with the steelhead in
the Tucannon River, rather than an ancient stock resulting from
the Missoula Flood, as Brown et al. (2004) thought.
Leary (1997) determined that native redband trout still existed
in some streams of the Colville National Forest (e.g., Boundary,
Deadman North Fork, Nancy and Tonata creeks), but most streams
contained hybrid swarms between native redband and Yellowstone
cutthroat trout, westslope cutthroat trout, or coastal cutthroat. The
Yellowstone cutthroat, westslope cutthroat, and coastal rainbow
originated from planting hatchery raised fish.
Recently Blankenship et al. (2011) described the major lineages
and metapopulation structure of O. mykiss in the Columbia and
Snake rivers. They investigated msDNA from 226 collections (15,658
individuals from throughout the Columbia and Snake rivers to
evaluate genetic structures. Their 226 collections clustered into 8
genetically distinctive aggregations:

A. T. Scholz

• Aggregate 1 comprised of Goldendale and Spokane
hatchery collections, 2 collections from the upper
Columbia (Omak and Phalon Lake) and one from the
middle Columbia (Umtanum, Yakima basins). Both
the Spokane and Goldendale hatchery stocks have
been greatly influenced by their California coastal
steelhead/Sacramento River redband ancestry.
• Aggregate 2 comprised solely of the Crane Prairie
(Oregon) collection.
• Aggregate 3 comprised 29 mid-Columbia collections, 1 lower Columbia collection (Clackamas River
hatchery), 1 upper Willamette River collection (South
Santiam hatchery), and 1 from the Skamania hatchery.
• Aggregate 4 was comprised of 42 mid-Columbia
collections, 1 from the upper Columbia (Okanogan
River) and 4 from the Snake River.
• Aggregate 5 was comprised of 73 collections (19 from
the mid-Columbia, 11 from the upper Columbia and
43 from the Snake River).
• Aggregate 6 was comprised of 4 collections from
the lower Columbia River and 9 from the upper
Willamette River.
• Aggregate 7 was comprised of 19 collections from the
Snake River.
• Aggregate 8 was comprised of 29 collections (7 collections from southwest Washington, 19 from the lower
Columbia River and 3 from the upper Willamette
River).
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Rainbow trout are iteroparous. From April–June 2000, 1,702
hatchery redband steelhead and 2,050 wild redband steelhead kelts
were counted passing downstream of Lower Granite Dam (Evans
et al. 2004). The number of steelhead adults that had passed up
the adult ladder at Lower Granite Dam was 61,736 hatchery fish
and 12,075 wild fish, so 2.8% of the hatchery fish and 17.0% of the
wild fish were iteroparous and became kelts. However few (only
about 1.5–2.0%) of the wild kelts survived to spawn a second time.
Hence, research efforts are underway to enhance the kelt life history strategy by revitalizing post-spawning steelhead (Evans and
Beatly 2000, 2001; Evans et al. 2001, Evans 2002; Hatch et al. 2002,
2003, 2004a, 2004b). The advantage to be gained is that the fish
will return at a larger size and have greater fecundity the second
and third time that they spawn. Kelt reconditioning was achieved
by; 1) dietary supplements (freeze dried krill) that provided essential nutrients to promote gonad development; 2) treating bacterial,
fungal, and parasite infestation, with antibiotics and fungicides;
and 3) by transporting fish around hydroelectric dams to provide
better access to the rich marine environment. In 2004, 29 reconditioned kelts implanted with ultrasonic transmitters were released
into McNary Reservoir and 12 of them (41%) were tracked into the
Yakima River (Hatch et al. 2002, 2003, 2004a, 2004b).
Residualism refers to smolt-stage anadromous fish that become readapted to freshwater and loose the urge to migrate.
From 1991–2002 an average of 124,129 steelhead smolts from
Lyons Ferry hatchery were stocked annually in Curl Lake
Acclimation Pond on the Tucannon River. Of these, 10,926
(8.6%) annually residualized in the Tucannon River (Viola and
Schuck 1992; Schuck et al. 1994, 1996, 1997; Martin et al. 2000;
Baumgarner et al. 2002, 2003). Hatchery steelhead smolts that
residualize are of concern because they may compete for food,
prey upon, or spawn with native steelhead, Chinook salmon or
bull trout that reside in the Tucannon River.
In an experiment to reduce the number of residualized hatchery steelhead smolts in the Tucannon River, WDFW biologists attempted to retain residualizing fish in Curl Lake Acclimation Pond
instead of flushing them out of the pond into the Tucannon River
(Viola and Schuck 1995). A total of 65,000 steelhead pre-smolts
from Lyons Ferry Hatchery were stocked into the pond on February
26, 1992. Between April 3 and May 3, the water level in the pond was
gradually drawn down by periodically removing splash boards at
the outlet. On April 3, a screen that prevented the fish from emigrating from the pond was also removed. This enabled steelhead
to volitionally migrate from the pond and down the Tucannon
River. After May 3, the splash boards and screen were replaced,
preventing any residualizing fish that were left in the pond from
entering the Tucannon River. Peterson mark/recapture estimates
were then made of the number of residualized steelhead found
in the Tucannon River and the number remaining in Curl Lake
Acclimation Pond. A total of 15,111 (±34) steelhead residualized in
Curl Lake (23.0% of the number stocked). In contrast, 2,022 (± )
steelhead residualized in the Tucannon River (3.1% of the number
stocked). This number of residualized fish in the Tucannon River
was less than the 17.7% residualism observed in 1991 and the 10.3%
residualism observed in 1992 when the pond was drained and
all the smolts were flushed into the Tucannon River. On 22 April
1992 steelhead smolts (n = 30,000) were stocked directly into the
Tucannon River adjacent to the Curl Lake Acclimation Pond. Of
these, 4,189 (±4) residualized in the Tucannon River (14.0% of the
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number stocked). Thus, it appeared that the number of residuals in
the Tucannon could be reduced by retaining residuals in Curl Lake
the acclimation pond. After 1 June 1992, WDFW opened Curl Lake
to fishing and most of the residuals were harvested by sport anglers.
Viola and Schuck (1995) concluded that “this was a more benign use
of the majority of those fish than allowing them to enter the Tucannon
River, where they may have had a negative effect on wild salmonids.”
Rainbow trout (n = 31) were captured in the upper Spokane River
between Upriver Dam (RKM 134), and Post Falls Dam (RKM 163) in
March 2003 (Parametrics 2004). They were implanted with radio
transmitters and released back into the Spokane River at the location of capture and tracked until 27 October 2003. The purpose of
this investigation was to track fish to their spawning sites and determine their post-spawning movements. Most of the fish released in
the Idaho portion of the Spokane River traveled downstream into
Washington to spawn. This was because the Idaho portion of the
river lacked suitable spawning gravels. Most of the fish released in
the Washington portion of the river spawned in the same segment
of the river where they were released. Spawning occurred in April
and May. After spawning, six fish made downstream migrations to
seek thermal refuge below Sullivan Road Bridge (RKM 140). Water
temperatures exceeding 25°C were detected above the bridge in
August. However, cooler aquifer water recharges the river below
the bridge, which cools the river to 10–14°C in July and August.
Data collected during this study also indicated that predation
and angling may be a continuing source of high mortality rates of
rainbow trout in the upper Spokane River. Four tags were found on
shore that bore evidence of predation. One radio transmitter was recovered at the base of an osprey perch tree and another at the base
of a telephone pole. Still another tag was tracked to an otter den. A
fourth transmitter, with a gnawed antenna was recovered adjacent to
the remains of a fish skeleton. Additionally, although the transmitters
had an operating life of 580 days, ten of them remained undetected
after September 2003, suggesting that they were removed by either
predators or anglers. Although this segment of the Spokane River is
restricted to catch and release fishing, utilizing flys or artificial lures
only, the authors of the report noted “we often observed anglers violating these regulations [e.g. by fishing with live bait]. It is possible that
many undetected radio-tagged fish were the result of such violators.”
Rainbow trout (n = 29) were captured in March 2003 in the Spokane
River between Nine Mile Dam (RKM 93) and the Monroe Street Dam
(RKM 118). They were implanted with radio transmitters and released
back into the Spokane River at the location where they were captured.
A combination of mobile tracking and two fixed receiving stations were
used to monitor the movements of tagged fish during and after the
spawning season. Fixed receiver stations were placed on Nine Mile Dam
(to ascertain if any fish moved downstream out of the study area) and
about 1.25 km up Latah (Hangman) Creek from its confluence with the
Spokane River at RKM 115.5 (to ascertain if any fish made fluvial spawning migration from the Spokane River into Latah Creek). During the
spawning season, most of the fish spawned in the Spokane River near
where they were released. One tag was detected at the Nine Mile Dam
and may have emigrated from the study area. No transmitters were detected at the Latah Creek receiving station. Only one moved into Latah
Creek from the Spokane River but was not detected at the Latah Creek
receiving station. Thus, Latah Creek was not an important spawning
stream for rainbow trout. After spawning, radio-tagged fish redistributed themselves throughout this reach of the Spokane River, thus they
were classified as resident life history variants (Parametrix 2004).
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Rainbow trout of the Columbia Basin prefer temperatures
of about 10.0–12.8°C (Bell 1986). Rainbow trout can live in lakes
with summer temperatures ranging from 10–24°C, but grow best
where the temperature is below 19°C. Rainbow trout also require
a minimum oxygen concentration of about 2–4 mg/L. Rainbow
trout that live in eutrophic lakes where oxygen is depleted in the
hypolimnion and thermocline are forced into warmer water of the
epilimnion and do not grow unless food availability is abundant.
Rainbow trout fingerlings preferred a temperature of 14.7°C, which
was near optimum for growth.
Known piscine predators of interior (redband) rainbow trout in
freshwaters include river lamprey, northern pikeminnow, channel
catfish, brown trout, lake trout, bull trout, largemouth bass, small
mouth bass, yellow perch and walleye. Avian predators include
osprey, bald eagle, kingfisher, Caspian tern, double breasted cormorants, various species of gulls and great blue heron. Mammal
predators include mink and river otter and black and brown bears.
In salt water predators include pacific lamprey, salmon sharks, various species of cormorants and gulls, Caspian terns, arctic terns,
bald eagle, and many marine mammals (e.g. killer whales, harbor
seals, California and stellar sea lions).
Steelhead parr prefer water 30–50 cm deep (Thompson 1972;
Sheppard and Thompson 1985). Preferred current velocity is 0.2–1
ft/sec (Jankin 1986; Everest and Chapman 1972; Thompson 1972;
Moyle and Beltz 1985). During the winter months, parr tend to select lower current velocities in interstices between rocks or by moving into off channel habitats (Bustard and Narver 1975; Johnson
and Kucera 1985; Sheppard and Johnson 1985).
Rainbow trout microhabitat in the Yakima basin was measured
from 1998–2002 (Pearsons et al. 2003b). Age 0 rainbow trout occupied
an average (range) of 0.3 (0.1–0.7) m in depth and velocities of 0.17
(0.12–0.21) m/sec (n = 101). Age 1 rainbow occupied an average (range)
of 0.7 (0.7–0.9) m depth and velocities of 0.29 (0.18–0.42) m/sec.

Coastal rainbow trout
At Lake Roosevelt, coastal rainbow trout spawned at the WDFW
hatchery in Spokane in November were transferred as eyed eggs to
the Spokane Tribal hatchery at Ford, Washington, in December or
early January where the eggs were incubated, hatched and reared
until September. Then at a length of about 100 mm TL and weight
of 23 g, they were transferred into net pens in Lake Roosevelt. They
were held in the net pens until May or June of the following year
and released at age 1+ as legal-sized residualized smolts with a
mean length of about 229 mm TL and mean weight of 167 g.
The purpose of rearing fish in the net pens is two-fold. First, by
rearing the fish to such a large size in the net pens, they will smolt
and residualize in the net pen, thereby reducing the possibility that
they will migrate out of Lake Roosevelt and down the Columbia
River. The brood stock of rainbow at the Spokane Fish hatchery
was derived from coastal steelhead trout from the McCloud River
California (Crawford 1979). This stock of fish is comprised of about
95% coastal steelhead (O. mykiss irideus) and 5% interior (redband)
rainbow from the upper Sacramento (O. mykiss stonei). They are
known to undergo smolt transformation in late April and early
May at a size of about 175 mm TL and 75 g weight, at which time
they experience surges in thyroid hormones and cortisol, and develop silvery coloration, increased gill Na+/ K+ ATPase activity,
increased intestinal water transport (Jv), osmoregulatory capability in saltwater, increased survival in salinity tolerance tests, and a

pronounced tendency to migrate downstream (Scholz et al. 1985;
Muzi 1985; Schrieber 1994). By late May and early June, they begin
to residualize and loose their urge to migrate.
The second purpose of rearing fish in net pens was to reduce the
cost of raising them. This is accomplished by savings realized from
employee costs and food. The net pen program, with the exception of a coordination position paid for by the Bonneville Power
Administration, is manned by approximately 40 volunteers who
feed the fish and maintain the net pens. Moreover, once in the net
pens the fish gain considerably more weight than the weight of
the food they are fed. For example, at Seven Bays in 1988, the fish
gained about double the weight of the food they were fed before
release from the net pens. They fed on zooplankton produced in the
Lake as well as hatchery food to gain the extra weight. Thus, food
costs are kept to a minimum. This also has the advantage of preconditioning them to adapt to the natural Lake Roosevelt food supply.
Net pen operations in Lake Roosevelt commenced in 1986 with
one net pen at Seven Bays. The number of net pen sites has been
gradually expanded to include eight sites with four to eight net
pens at each site; Kettle Falls, Sherman Creek/Colville River, Hall
Creek (near Gifford, WA), Hunters, Two Rivers (at the confluence
of the Spokane and Columbia Rivers, near Fort Spokane), Seven
Bays, Lincoln and Keller Ferry. Approximately 50,000 rainbow are
released annually from each site, totaling 500,000.
From 1986–2006, a portion of the rainbow released from the
net pens have been marked with individually numbered floy tags
to evaluate: 1) how different release strategies affect the number
of rainbow caught by anglers, 2) how annual reservoir operations effect the number of rainbow caught by anglers (McLellan
et al. 2008), and 3) growth rates after release into Lake Roosevelt.
Results of these tagging studies are outlined in a series of annual
reports (Peone et al. 1990; Griffith and Scholz 1991; Thatcher et al.
1995a, 1995b; Underwood and Shields 1996a, 1996b; Underwood
et al. 1996; Cichosz et al. 1997, 1999; Spotts et al. 2000; McLellan et
al. 2003; Lee et al. 2003, 2006; Scofield et al. 204, 2007; Fields et al.
2004; Pavlik-Kunkel et al. 2005) and are summarized below.
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1.

Post-smolt, residualized rainbow (n = 456) were
tagged and released at Seven Bays in June 1986. A total of 96 (22%) of these were recovered by anglers: 92
(96%) of these in Lake Roosevelt, and 4 (4%) below
Grand Coulee Dam in Chief Joseph Reservoir (Peone
et al. 1990).

2.

Post-smolt, residualized rainbow (n = 402) were
released at Seven Bays in late May 1987. A total of 57
(14%) of these were recovered by anglers: 56 of them
(98%) in Lake Roosevelt, and 1 (2%) in Chief Joseph
Reservoir (Peone et al. 1990).

3.

In May 1988, 1,110 rainbow trout were marked and
released from the Seven Bays net pen site (Peone et al.
1990). A total of 110 of these tags (9.9%) were returned
by anglers between May 1988 and April 1990. All but one
of the tags were recovered in Lake Roosevelt, 67 (60.1%)
of them within ± 20 km of the Seven Bays net pen site,
the remainder were scattered throughout the reservoir
between Grand Coulee Dam (Columbia River RKM 954)
and Gifford (RKM 1056). Fish put into the net pens at
about 100 mm TL and 28 g, grew to an average length
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of 229 mm TL and weight of 167 g while in the net pen
before release in May 1988. While in the net pens the
fish were fed food pellets that should have grown them
to about 97 g each in weight (assuming 100% conversion efficiency). The extra weight gained was apparently
by the fish eating natural food available in the net pens.
By October 1988, tagged fish at large in Lake Roosevelt
averaged 418 mm TL and 764 g in weight. By April 1989,
tagged fish averaged 469 mm TL and 855 g in weight.
By October 1989, tagged fish averaged 542 mm TL
and 1,547 g in weight. One fish that was released at
268 mm TL and weight of 65 g in May 1988, grew to
609 mm TL and 2,239 g in weight by March 1989.
4.

5.
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A total of 918 rainbow trout were tagged at the Seven
Bays net pen site and released into Lake Roosevelt
on 12 April 1989 (Peone et al. 1990). Only 29 (3.1%)
of these fish were recovered by anglers between April
1989 and April 1990: 14 of them by anglers fishing
in Lake Roosevelt and 15 of them by anglers fishing
below Grand Coulee Dam in either Chief Joseph or
Wells reservoirs. Also, six individuals from this tag
group were collected in the juvenile bypass facility at
Rock Island Dam in April and May 1989. Rainbow
trout (n = 8,845) were tagged at the Hunters net pen
site and released into Lake Roosevelt on 10 March
1989. Only 16 (1.9%) of these fish were captured by
anglers between March 1989 and April 1992: 6 (37.5%)
within ±20 km of the Hunters net pen site, 3 (18.7%)
downstream between Seven Bays and Grand Coulee
Dam and 7 (43.8%) below Grand Coulee Dam in
Chief Joseph or Wells reservoirs. Additionally, 5 were
collected at Rock Island Dam. All of the fish at both
the Seven Bays and Hunters net pens had to be released early because of extreme reservoir draw-down
for flood control which exposed the net pen sites to
desiccation. Since the fish were released as pre-smolts,
the results were consistent with the hypothesis that
they underwent smoltification in Lake Roosevelt and
migrated out of the lake, down the Columbia River.
Commencing in 1990, tagged rainbow trout were
released at Hunters and Seven Bays in March, April
and May (Griffith and Scholz 1991). In March 1990, 501
were released at Hunters and 449 at Seven Bays. Of
these, 2 (0.004%) of the Hunters fish and 4 (0.008%)
of the Seven Boys fish were recovered by anglers in
Lake Roosevelt. One of the Seven Bays fish was also
recovered at Rock Island Dam. In April 1990, 498
tagged rainbows were released at Hunters and 474
at Seven Boys. Of these fish, 7 (1.5%) of the fish from
Hunters were recovered by anglers in Lake Roosevelt
and 2 (0.4%) were recovered in Chief Joseph Reservoir.
Also, 12 (2.5%) of the fish released at Seven Bays were
recovered in Lake Roosevelt, three were recovered at
Rock Island or McNary dams. In May 1990, 492 tagged
rainbow trout were released at Hunters and at Seven
Bays. Of these fish, 5 (1.0%) released at Hunters were
recovered by anglers in Lake Roosevelt and one was

recovered by an angler in Chief Joseph Reservoir. Also,
22 (4.4%) of the fish released at Seven Bays were recovered by anglers in Lake Roosevelt, 5 were recovered by
anglers fishing in Chief Joseph Reservoir and one recovered at Rock Island Dam. These results are also consistent with the hypothesis that rainbow trout released in
March and April undergo smoltification in the reservoir
and migrate downstream below Grand Coulee Dam.
Sometime in May they begin to residualize. Fish were
released on 19 May 1990 at Hunters and 26 May 1990 at
Seven Boys. The difference in the recovery of fish from
these two groups (1.0% Hunters vs. 4.4% Seven Bays) in
Lake Roosevelt suggests that they began to residualize
in late May. Growth of fish that were recovered in Lake
Roosevelt averaged of 27 (18–38) mm TL per month at
large in the reservoir (Griffith and Scholz 1991).
6.

In 1991, tagged rainbow trout were released at Seven
Bays in April (n = 1,300), June (n = 2,961), and July
(n = 1,749) (Thatcher et al. 1995a, 1995b). Of those
released in April, 8 (0.6%) were recovered by anglers
in Lake Roosevelt, one was recovered by an angler in
Chief Joseph Reservoir, and 11 were recovered at either
Rock Island or McNary dams. Of those released on
23 June, 228 (7.7%) were recovered by anglers in Lake
Roosevelt, 5 were recovered by anglers in Chief Joseph
Reservoir, and zero were recovered at Rock Island or
McNary dams. Of those released in July, 115 (6.6%)
were recovered by anglers in Lake Roosevelt, six were
recovered by anglers in Chief Joseph Reservoir, and
zero were recovered at Rock Island or McNary dams.
These data confirmed that when rainbow trout are
released early (in April) they undergo smoltification in
the reservoir and migrate downstream whereas when
they are released late (June or July) they residualize
and remain in the reservoir. When the data from all
the years (1986–1991) of tagging are combined, the
highest retention of trout in the reservoir occurred
when they were released from June–July. Those
released on or before 19 May tended to migrate out of
the reservoir and down the Columbia River.

7.

Rainbow trout were tagged and released at Kettle Falls
(n = 4,995) and Seven Bays (n = 7,989) net pen sites
in May 1995 (Underwood and Shields 1996a). Of the
fish released at Kettle Falls, 65 (1.3%) were recovered
by anglers in Lake Roosevelt (three at Kettle Falls,
two at Gifford, three at Hunters, eight at Seven Bays,
15 at Keller Ferry, 2 in the Sanpoil River, 25 at Spring
Canyon, and seven at unknown locations) and two
were recovered by anglers in Chief Joseph Reservoir.
Of the fish released at Seven Bays, 131 (1.6%) were
recovered by anglers in Lake Roosevelt (four at
Porcupine Bay in the Spokane River Arm, 31 at Seven
Bays, 36 at Keller Ferry, three in Sanpoil River, 32 at
Spring Canyon and 22 at unknown locations in the reservoir), two were recovered by anglers in Chief Joseph
Reservoir, and one was recorded at Rocky Reach Dam.
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8.

Rainbow trout were tagged and released at Kettle
Falls (n = 4,998) in April 1996 and at Seven Bays
(n = 9,950) in June of 1996 (Underwood and Shields
1996b). Of the fish released at Kettle Falls, 3 (>0.1%)
were recovered by anglers in lake Roosevelt, (one
each at Kettle Falls, Keller Ferry and Sanpoil River),
13 were recorded at Rocky Reach Dam, one was
recorded at Wanapum Dam, eight were recorded at
McNary Dam, and one was recorded at Bonneville
Dam. Of the fish released at Seven Bays, 169 (1.7%)
were recovered by anglers in Lake Roosevelt (17
at Porcupine Bay in the Spokane River Arm, 40 at
Seven Bays, 51 at Keller Ferry, 27 in Sanpoil River, 24
at Spring Canyon and 10 from unknown locations in
the lake), 16 were recorded at McNary Dam, and one
was caught by an angler fishing at the mouth of the
Columbia River. Despite being released in June, 33 of
202 (16%) total recoveries were made below Grand
Coulee Dam. This was owing to the fact that water
retention times in the reservoir was only 16 days
when the fish were released in June of 1996, compared to 29–50 days during the other June releases
from 1986–1993. Thus, reservoir operations as well as
release timing were shown to play a role in retention
of the fish within the reservoir.

9.

In 1997, rainbow were tagged at the Kettle Falls
(n = 10,000) and Seven Bays (n = 10,000) net pen sites
(Cichosz et al. 1999). The Kettle Falls fish were released in May and the Seven Bays fish were released in
June. A total of 74 fish were recovered from the Kettle
Falls release; one by an angler in Lake Roosevelt near
Seven Bays and 73 below Grand Coulee Dam (60 at
Rock Island Dam, one at Wanapum Dam, two at John
Day Dam and ten in guano of a Caspian Tern Colony
at Rice Island in the Columbia River estuary). A total
of 77 fish were recovered from the Seven Bays release;
4 by anglers fishing in Lake Roosevelt and 73 below
Grand Coulee Dam (three in Rufus Woods Reservoir,
60 at Rock Island Dam, five at John Day Dam and five
at Rice Island). Water discharge of the Columbia River
in the spring of 1997 was at record levels, prompting
an extreme draw down of Lake Roosevelt in April
and May for flood control. This drawdown resulted in
low water retention time throughout April (average
water retention time = 15.9 days), May (average water
retention time = 10.8 days, and June (average water
retention time = 16.1 days). Thus, it appears that whenever water retention times are less than 20 days when
rainbow trout are released from net pens in June, high
entrainment rates can be expected. However, in most
years the water retention time is greater than 20 days.
There appears to be a distinct advantage to holding the
fish into June because they begin to residualize and
remain in the reservoir.

Reservoir operations have been suspected to limit the rainbow trout mitigation fishery in Lake Roosevelt, Washington.
Entrainment through Grand Coulee Dam has been suggested as the
primary impact due to reservoir operations. However, its impact

and causal mechanisms have been difficult to quantify. In 2005, a
logistic regression model was used to examine the effect of reservoir operations on rainbow trout tag returns (McLellan et al. 2005).
Grand Coulee Dam impounded the Columbia River in north
central Washington at rkm 960.5 in 1939 and formed Franklin D.
Roosevelt Lake. Lake Roosevelt is 243 km long, making it the largest reservoir in Washington, and the sixth largest reservoir in the
United States. The fishery is limnetically driven, with the majority
of fishes, including some obligate benthivores, utilizing limnetically
fixed carbon (Black et al. 2003). The long term trend suggests that
Lake Roosevelt is moving from a mesotrophic trophic state to an oligotrophic state.
Because of Grand Coulee Dams size and key location, it plays
a prominent role in the coordination of the Columbia System for
both flood control and power production (FCRPS 2001). Grand
Coulee is operated as a storage dam, which typically requires the
reservoir to experience a deep drawdown during the late winter and
early spring months to accommodate the large spring freshet. The
extent of the spring drawdown in any Columbia River reservoir is
the responsibility of the parties (including the owners and operators
of the dams in the Columbia Basin) involved in the Columbia River
Coordination Agreement, which abides by a set of rule curves that
have been developed for each reservoir. These curves specify reservoir water levels that are desirable each month and provide guidance
for meeting project purposes. The curves are updated as snowpack
and stream flow data become available (FCRPS 2001).
Typically reservoir operations in January and February are
predominately controlled by power production, resulting in low,
stable lake elevations. Operations from mid-February through
May are primarily controlled by flood control needs, and are typically when the lowest elevations are reached. Operations during
May and June focus on meeting refill objectives (85% probability
of being filled by July 1), as well as meeting down river flow targets
defined by National Oceanic and Atmospheric Administration
Fisheries Biological Opinion for ESA listed salmonids (USFWS
2000). Flood control operations at Grand Coulee Dam reduce the
reservoir water elevation by up to 24 m annually between January
and June to create room for spring flows. Spring drawdown events
decrease the volume of the reservoir by an average of 55% and its
surface area by 45% annually (Beckman et al. 1985).
Approximately 500,000 yearling rainbow trout are released
every year in the spring to support a mitigation fishery in Lake
Roosevelt. A subset of these fish (5,000–10,000) were Floy© tagged
every year with individually number tags (Table 16.18). These
tagged fish were consistently released from two primary locations
on Lake Roosevelt between 1995 and 2004 (Seven Bays and Kettle
Falls). Tags were collected from anglers through creel clerks, tag
boxes at boat launches, the phone number printed on the tag and a
tag reward program (Table 16.18).
The tagging data was summarized for nine years and used to
study eight independent variables (McLellan et al. 2005). These
included: release location, tag reward program, minimum reservoir elevation during a sample year, water elevation on the day fish
were released, mean water retention time two and four weeks post
release, mean annual water retention time, and type of water year
(shallow, average or deep drawdown). (Figure 16.10). Models were
selected on the basis of likelihood ratio tests, odds ratio confidence
intervals, and predictive ability. Analyses indicated the significant
independent variables were: release location, water year, release el-
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Table 16.18

Number of rainbow trout released from net pens at Kettle Falls and Seven Bays and recaptured by anglers between 1995 and
2004.
Kettle Falls
Release
date

Seven Bays

Number
tagged

Number
recaptured

Number
recaptured

%
Recovered

5/12/1995

5,000

45

0.9

5/23/1995

4/29/1996

4,998

4

0.08

6/6/1996

8,000

91

1.14

9,950

232

2.33

5/19/1997

7,000

1

0.01

6/3/1997

10,000

15

0.15

6/1/1997

3,000

1

0.03

5/28/1998

9,989

524

5.25

5/31/1998

9,992

5/29/1999

9,977

379

3.79

6/6/1999

9,995

66

0.66

40

0.4

6/14/2000

9,968

240

2.41

6/14/2000

9,999

114

1.14

5/4/2001

5,000

101

2.02

5/23/2001

5,000

63

1.26

6/8/2001

4,994

157

3.14

6/3/2001

5,000

74

1.48

6/22/2001

5,000

152

3.04

5/29/2002

9,997

84

0.84

5/20/2002

9,999

55

0.55

5/25/2003

6,700

247

3.69

5/28/2003

6,600

311

4.71

5/26/2004

6,500

86

1.32

5/13/2004

6,500

233

3.58

83,163

1,138

1.25

Total

95,995

2,177

2.42

Total

%
Recovered

Release
date

Number
tagged

Figure 16.10 Reservoir elevation at Grand Coulee Dam between 1995 and 2004, categorized into “deep, average, and shallow” drawdown events.
evation, and mean water retention time four weeks post release.
Tagged fish were 1.86 times more likely to be returned following a
shallow drawdown event versus a deep drawdown event (95% profile likelihood confidence interval: 1.15 to 3.03). The effect of mean
water retention time was dependent on reservoir elevation at the
time of release. When release elevations were low (366–381 m), increasing mean water retention time increased the probability of a
tag return. However, when release elevations were high (381–393
m), increasing mean water retention time did not increase the
probability of a return (McLellan et al. 2005). Utilizing a logistic
regression model was a useful tool for fisheries managers to predict
the impacts hydro-operations will have on the rainbow trout fish1156

ery, thereby allowing for annual adjustments to release strategies
that would maximize harvest potential.
The depth distribution of both hatchery (coastal) and wild
(redband) rainbow trout occupying the limnetic zone of Lake
Roosevelt was determined by gill net studies conducted by WDFW
from 1999–2004 (Baldwin and Polacek 2002; Baldwin et al. 2005;
Baldwin and Woller 2006a, 2006b). In February and June rainbow
were found from the surface to a depth of 20 m. In August, they
were found from the surface to a depth of 90 m. In October they
were found from the surface to a depth of 40 m.
Known predators of hatchery raised coastal rainbow trout
stocked in eastern Washington lakes include: northern pikemin-
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now, northern pike, brown trout, smallmouth bass, largemouth
bass, yellow perch, walleye, kingfisher, Caspian terns, double
crested cormorants, great blue heron, osprey, bald eagle and river
otter. See sections on northern pikeminnow (page 627) and
northern pike (page 890) in Volume II, brown trout (page 1359)
Volume III and smallmouth bass, largemouth bass, yellow perch
and walleye (in Volume IV) for details about their predation on
hatchery rainbow trout.

Sockeye/kokanee salmon
In season (Hartman and Raleigh 1964; Blair and Quinn 1991) and
natal (Forester 1936, 1968; Royal and Seymour 1940; Clemens et
al. 1939; Blackett 1979; Blair and Quinn 1991) homing have been
documented in sockeye salmon. Also, kokanee exposed to morpholine at the swimup larval stages returned to a stream scented
with morpholine (Scholz et al. 1992; Tilson et al. 1993, 1994). In
general, sockeye show rates of return to their natal stream (or
stream of release) of 98–99% and 1–2% stray to other locations.
About 90–95% of hatchery kokanee return to the location where
they were stocked and 5–10% stray to other locations.
Sockeye salmon from southeastern Alaska, Skeena River,
Fraser River, Washington coast, and the Columbia River can each
be distinguished from each other based on the genetic variations
(allele frequencies) of metabolic enzymes (isozymes) (Utter et al.
1984; Withler 1985; Winans et al. 1996; Gustafson et al. 1997; and
Gustafson and Winans 1999). Moreover, the two populations tested
from the Columbia Basin, from the Wenatchee and Okanogan rivers had distinctive allele frequencies that were different from each
other and each population was in Hardy-Weinberg equilibrium
(Winans et al. 1996; Gustafson and Winans 1999).
Foote et al. (1989) and Taylor and Foote (1991), based on isozyme comparison, found significant genetic differences in kokanee
and sockeye populations from the same lake; however they were
genetically more similar to each other than they were to sockeye
or kokanee from neighboring lakes. Thorgaard et al. (1995), based
on DNA fingerprint analysis found that sockeye/kokanee in the
Okanogan River, Wenatchee River, and Redfish Lake (Idaho) were
genetically distinctive, but sockeye and kokanee from the same
system were more closely related. Mitochondrial DNA and msDNA
analysis produced similar findings (Taylor et al. 1996; Beacham et
al. 1995, 2004).
See papers by Foote et al. (1992), Taylor et al. (1996), Wood and
Foote (1996) for a discussion of the mechanisms by which sockeye and kokanee diverged in sympatry to become incipient biological species, and how kokanee evolved into “stream spawning”
and “beach spawning” populations. Hendry et al. (1998, 2001) observed adaptive genetic divergence of sockeye salmon introduced
into Lake Washington between 1937 and 1945. One segment of this
population adapted to spawning in strong currents and cold temperatures of the Cedar River. Another segment of the same population adapted to spawning along the Lake Washington lakeshore
with little current and warmer temperatures. These sockeye population showed adaptation to local environments within 56 years
(1937–1992) or 13 generations owing to a combination of phenotypic plasticity and genetic change.
The genetics of several populations of kokanee have been examined in eastern Washington using isozymes (Leary 1997a,
1997b, 1998, 1999) and msDNA (Young 2002, 2004; Loxtermann and
Young 2003; Kassler and Loxtermann 2006). Kokanee genetics in

eastern Washington is greatly influenced by Lake Whatcom, near
Bellingham, WA because WDFW has used Lake Whatcom stock
kokanee as the sole source of stocking in eastern Washington lakes
since the 1930s.
The isozyme analysis revealed that kokanee from Lake
Roosevelt, the Sanpoil River, and the Nespelem River were genetically similar, but not identical. The most likely explanation
was that a native population of kokanee from either the Arrow
Lakes or Kootenay Lake, British Columbia had migrated downstream to colonize these locations. The first record of the presence
of sockeye/kokanee in the Sanpoil River was in 1967, when U.S.
Bureau of Commercial Fisheries biologists captured kokanee that
were being pumped up from the forebay of Grand Coulee Dam
into Banks Lake. They captured some of these fish and transported
them into the Sanpoil River. Prior to this from about 1915–1923, a
WDFW hatchery near Republic, WA had raised Lake Whatcom kokanee, but I could find no information about the numbers stocked
or harvested in the Sanpoil River. The isozyme analysis also indicated that Wenatchee River/Lake, Okanogan River/Lake and Lake
Whatcom populations of kokanee were genetically distinctive.
Prior to construction of Grand Coulee Dam, the Arrow Lakes
produced anadromous sockeye and kokanee. After the construction of Grand Coulee Dam, kokanee persisted in the Arrow Lakes
and Norns Creek (a tributary that joins the Columbia River downstream from Keenleyside Dam, British Columbia). Also, kokanee
spawned in Meadow and Redfish creeks, tributaries of Kootenay
Lake and several tributaries of Kootenai River, Idaho.
Microsatellite DNA analysis revealed a similar pattern
(Loxtermann and Young 2003b; Kassler and Loxtermann 2006). In
the Sanpoil River, Nespelem River, and Lake Roosevelt Reservoir
most kokanee were genetically uniform and clustered with those
from Meadow and Redfish creeks on one branch of a consensus
neighbor joining tree. Kokanee captured in a test fishery and fishing derby in the lower portion of the reservoir clustered with those
from Norns Creek on another branch of the neighbor joining
tree. Kokanee from Lake Whatcom, Lake Pend Oreille and Coeur
d’Alene, Idaho and Buck Creek, tributary of Horseshoe Lake, Pend
Oreille County, clustered on a third branch of the tree. Kokanee
from Buck Creek, Lake Coeur d’Alene and Lake Pend Oreille were
genetically similar to Lake Whatcom because Lake Whatcom kokanee eggs were planted at all three locations. Those in Lake Coeur
d’Alene and Pend Oreille had developed shoreline spawning and
stream spawning populations. Those in Horseshoe Lake migrated
into Buck Creek to spawn.
Kokanee from Chain Lakes and the east branch of the Little
Spokane River, Pend Oreille County, Harvey Creek, tributary of
Sullivan Lake, Pend Oreille County, and Rimrock Lake, Yakima
County clustered on a fourth branch of the tree. The Chain Lakes
supported an anadromous population of sockeye salmon that was
extirpated when Little Falls Dam was constructed on the Spokane
River in 1911, after which a small kokanee population persisted.
From 1937–1944, WDFW stocked 972,200 Lake Whatcom kokanee
to augment this population. No Lake Whatcom fish have been
stocked since 1944. Likewise WDFW stocked Harvey Creek and
Rimrock Lake with Lake Whatcom kokanee, which became established by developing natural spawning populations at both locations. For example, WDFW stocked into Harvey Creek (Sullivan
Lake) 40,000 Lake Whatcom kokanee between 1933 and 1945 (Nine
and Scholz 2005), 197,960 Lake Whatcom kokanee in 1976 (Nine
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and Scholz 2005), and 69,809 Lake Watcom kokanee (that had
returned to spawn in Harvey Creek) in 2003 and 2004 (McLellan
2004). Thus, Harvey Creek, Rimrock Lake, and Chain Lake appear to be genetically related because of their relationship to Lake
Whatcom. Their populations also contained a distinctive genetic
signature at one locus that was characteristic of Lake Whatcom and
all populations influenced by genes from Lake Whatcom (Youngs
2004). They probably did not cluster on the Lake Whatcom branch
because: 1) they had developed natural spawning populations that
were 15–20 generations removed from the initial Lake Whatcom
plants and had begun to adapt to their new environment and 2)
the Chain Lakes population at least was partially influenced by the
native kokanee that had spawned there.
The opossum shrimp Mysis relicta was introduced in
many large oligotrophic lakes in Western North America (e.g.
Kootenay Lake, British Columbia; Flathead Lake, Montana;
Pend Oreille Lake, Idaho; Priest Lake, Idaho; Lake Granby
Colorado; Lake Tahoe, Nevada; Lake Chelan, Washington) with
the intention of providing an optimum-sized prey for large kokanee salmon. Instead, Mysis competes with juvenile kokanee
for large sized cladocera and copepods (Goldman et al. 1979;
Beattie and Clancy 1991; Martinez and Bergerson 1991; Rieman
and Bowler 1980; Rieman and Falter 1981; Chipps and Bennett
2000; Clarke and Bennett 2002a, 2002b). Competition between
juvenile kokanee and Mysis is most intense in the fall (Clarke
and Bennett 2002a, 2002b). Low densities of food in autumn
for kokanee may leave them with insufficient over-winter fat reserves and lead to increased size dependent mortality of small
fish. Stocking of Mysis appears to have been a cause contributing to the collapse of kokanee populations in many lakes where
Mysis was introduced.
At sea, sockeye are preyed upon on by salmon sharks Lamna
ditropis and Pacific lamprey. Gilhousen (1989, 1990), examined sockeye adults (n = 12,633) from the Fraser River, British
Columbia in 1971 through 1978 and discovered that 21.1% had
shark bites and 65.5% had Pacific lamprey scars. Upon returning
from the ocean, Fraser River sockeye may select one of two routes
(Groot and Cooke 1987). They may return along a northern route
along the east side of Vancouver Island via Queen Charlotte and
Johnstone straits through the Strait of Georgia, essentially returning by the route that most of the smolts followed. Or they may
return by a southern route along the west side of Vancouver Island
via the Strait of Juan de Fuca. The proportion of the run using the
northern route varied from 2–80% between 1953 and 1985 (Groot
and Quinn 1987). When ocean conditions were warmer than usual
sockeye tended to use the northern route. When ocean conditions
were average or colder than normal sockeye tended to use the
southern route. Therefore, adult sockeye salmon do not necessarily
retrace the route taken by smolts. This may be related to the route
of the plume from the Fraser River as it enters the Pacific Ocean.
Under certain weather and ocean conditions the Fraser River is
deflected north through the Strait of Georgia, while under other
weather and ocean conditions the current of the Fraser River is deflected south through the San Juan Islands. Recently, Putnam et al.
(2013) has shown that magnetic field drift and temperature explain
28% of the variation of routes used by Fraser River sockeye.
Sockeye salmon undergo a phenomenon called cyclic dominance where, at approximately 4 or 5 year intervals, there is a peak
in abundance of returning adults, followed by several years with
1158

lower run sizes (Ricker 1950, 1997). Several hypotheses have been
offered to explain this phenomenon including:
1.

Food supply exhaustion in nursery lakes by the dominant year class, leading to compensatory mortality
by the following year classes that are remaining in the
nursery lake (Ward and Larkin 1964; Larkin 1971).

2.

Depensatory predation, with predation rates on
the dominant cycle line such that survival improves
when the number of fish produced by the dominant
cycle is depressed (Ward and Larkin 1964; Larkin
1971).

3.

Indian subsistence fisheries which harvest a higher
proportion of small runs than large runs (Peterman
1980). Walters and Stanley (1987) proposed that the
cyclic dominance in Fraser River sockeye salmon was
established by aboriginal fisherman.

4.

Difference in ocean productivity and marine survival
primarily due to interactions with pink salmon
(Peterman 1982; Ricker 1982; McDonald and Hume
1984).

5.

A genetic mechanism whereby low cycle lines inherit
a gene that causes maturation at age 5 rather then age
4 (Walters and Woodey 1992).

Lake fertilization has become a popular enhancement technique to augment oligotrophic nursery lakes used by sockeye
and kokanee in British Columbia and Alaska (LeBrasseur et al.
1978; Stackner 1981, 1987; Hyatt and Stockner 1985; Kyle 1988,
1994; Hillborn and Winton 1993; Luecke et al. 1996; Stockner and
MacIssac 1996; Ashley et al. 1997, 1999; Budy et al. 1998; Johnston
et al. 1999; Stockner et al. 2000; Stockner and Ashley 2001; Hyatt et
al. 2004). The main goal of artificial lake fertilization is to increase
phytoplankton and zooplankton, and, thus, make more food available for fish; thereby increasing the number of sockeye smolts or
kokanee the lake can produce.
For example, in Kootenay Lake, British Columbia, kokanee
salmon stocks declined when Libby Dam, constructed upstream
of Kootenay Lake in 1972, trapped nutrients flowing down the
Kootenay River in the sediments of its reservoir (Lake Koocanusa).
By the early 1970s, this reduced nutrient influx into Kootenay Lake
and resulted in declines in phytoplankton, zooplankton, and kokanee salmon production in Kootenay Lake. Commencing in 1992,
41 tons of phosphorous and 207 tons of nitrogen were used annually to fertilize the North Arm of the lake in an attempt to replace
the lost nutrients. Fertilization increased phytoplankton, zooplankton, and kokanee abundance in Kootenay Lake (Ashley et al. 1997,
1998; Thompson 1994, 1995, 1998, 2000; Wright 2002; Schindler et
al. 2006). Prior to nutrient enrichment, kokanee abundance had
declined from about 35 million (pre-Libby Dam) to about 7 million
by 1991. Spawning escapement of kokanee into Meadow Creek and
Lardeau River had declined from about 2 million (pre-Libby Dam)
to about 270,000 kokanee in 1991. After 10 years of fertilization, in
2002, kokanee abundance had rebounded to about 35 million individuals, and spawning escapement into Meadow Creek and into
Lardeau River totaled 2 million adult kokanee. In Kootenay Lake,
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fertilization added back nutrients that were lost due to cultural
oligotrophication and the application of these nutrients restored
kokanee production.
Hyatt et al. (2004) reviewed 21 total experiments where nutrients were applied to sockeye salmon nursery lakes. In each of the 21
lakes, application of nutrients increased the concentration of chlorophyll a (phytoplankton). Also, in 16 lakes where zooplankton
biomass and average smolt weight were also measured, zooplankton biomass and average smolt weight increased in all 16 lakes. In
13 lakes where total smolt biomass was measured, 11 showed an
increase in smolt biomass. In three studies that measured smolt to
adult survival, all three showed that lake fertilization was associated with increased marine survival.
Preferred temperature of juvenile sockeye salmon is 12–14°C
(53.6–57.2°F) and upper lethal temperature is 24.4°C (75.9°F)
(Brett 1952). Kokanee preferred temperature ranges from 10–15°C
(50–59°F) (Scott and Crossman 1973).

Chinook salmon
In season homing and natal homing has been documented for
Chinook salmon (Snyder and Schofield 1924; Rich and Holmes
1928; Snyder 1931; Rich 1937a, 1937b; Ebel et al. 1973, 1975; Slatick et
al. 1975; Sholes and Hallock 1979; Quinn and Fresh 1984; MacIssac
and Quinn 1988; Quinn et al. 1988, 1991, 1999; Quinn and Ditmann
1992; Unwinn and Quinn 1993; Pascual et al. 1995; Hard and Heard
1989; Candy and Beacham 2000; Gallinat et al. 2001, 2002, 2003;
Gallinat and Ross 2005, 2006, 2007, 2008).
Homing by spring Chinook is incredibly precise. For example, of
1,693,423 coded wire tagged spring Chinook yearling smolts released
into the Tucannon River between 1987 and 2003, 3,614 were subsequently recovered. Of these, 9 were captured in ocean fisheries, 362
in Columbia River fisheries on their way back to the Tucannon River,
3,214 fish were captured in the Tucannon River and 29 strayed to other
locations. The percentage of fish surviving from smolt to adult stage
averaged 0.24%, and, of these, the average percentage that homed back
to the Tucannon River was 98.4% after the harvest was subtracted
(Gallinat 2006; Gallinat and Ross 2007).
Based on 41,058 tag returns, Chinook salmon smolts released
from the Cowlitz River hatchery returned predominately (98.6%) to
the Cowlitz River hatchery and 1.4% strayed to other streams (Quinn
and Fresh 1984). Of 339 recoveries of fish tagged in the Klickitat River,
326 (96.2%) had homed to the Klickitat and 13 (3.8%) strayed to a different location (Vander Haegen and Doty 1995). Candy and Beacham
(2000) investigated homing of hatchery-reared Chinook salmon in
44 drainages in 6 production areas of British Columbia. The fish
were classified as natives if the hatchery was located on the same
natal drainage as the parents returned to and the juveniles were released back into. The fish were classified as transported if eggs were
incubated at a central (satellite) hatchery outside of the natal drainage but the juveniles were released back into the natal drainage.
The fish were classified as transplanted if they were incubated at a
central (satellite) hatchery outside of their natal drainage and released in a foreign drainage. From 1968 to 1990, a total of 47,435,403
Chinook smolts were marked and released employing the native,
transported, or transplanted strategy. A total of 61,728 of these fish
(0.13%) were recovered as adults on spawning grounds. Of these,
60,512 (98%) were subsequently recovered in the same tributary
where the juveniles were released and 1,216 (2%) strayed into other
tributaries. Native fish homed (n = 50,486) better (98.8%) and

strayed (n = 628) less (1.2%), than transported fish (n = 3,087, 97.9%,
homed, and n = 102, 2.1%, strayed), transplanted fish (n = 3,244, 97%
homed, and n = 233, 3.0%, strayed) or transplanted fish released farther away (n = 2,440, 94.7%, homed and n = 218, 5.3%, strayed).
MacIssac and Quinn (1989) reported that upriver bright fall
Chinook salmon released at Priest Rapids hatchery homed with
99% accuracy back to the hatchery or to the nearby Hanford Reach,
even though they had passed 20 major spawning tributaries and 38
hatcheries along their migration route.
A radio telemetry study demonstrated that Chinook salmon
may initially overshoot their natal tributary, then backtrack to locate it. Mendel and Milks (1997) tracked 190 fall Chinook salmon
captured while ascending the fish ladder at Ice Harbor Dam and
released above the Dam in 1992 and 1993. Fifty-nine of these fish
fell back below the dam. Ten of them fell back below McNary Dam;
one entered John Day River, five entered the Umatilla River, and
four remained in the Columbia River. Twenty-two entered the
Yakima River but only ten were last located there; the remaining
12 fish either entered the Hanford Reach of the Columbia River or
returned to the Snake River. Thirty fish entered the Hanford Reach;
one of these ascended above Priest Rapids and Wanapum dams,
then fell back below these dams to spawn in the Hanford Reach.
Four of the fish that migrated to the Hanford Reach entered the
Priest Rapids Hatchery ladder, at the head of the Hanford Reach.
One interpretation of these results is that the fish initially made the
wrong choice in ascending the Snake River and that these movements represented “overshooting and backtracking” until they
reached their proper natal spawning area. The study also showed
that fish counts at Ice Harbor dam do not accurately reflect the
number of fall Chinook returning to the Snake River.
The remaining 131 fish in the study ascended the Snake River, and
128 of them passed above Lower Monumental Dam. Thirteen of them
fell back below Lower Monumental Dam, four of which re-ascended
the dam, for a final total of 118 fish over Lower Monumental. Forty
fish eventually ascended the fish ladder at Lyons Ferry Hatchery
(some after ascending above Little Goose and Lower Granite dams
and falling back below them); 11 entered the Tucannon River (some
after ascending above Little Goose and Lower Granite dams and
falling back). Seven fish remained in Lower Monumental reservoir;
and 80 fish passed over Little Goose Dam; 12 of which fell back below Little Goose Dam. Seventy-two fish passed over lower Granite
Dam. Many of these fish (n = 28) fell back below Lower Granite Dam
and 10 of them reascended above the Dam. Most of the 60 fish that
passed Lower Granite Dam spawned in the mainstem of the Snake
River. Travel time to pass through the lower Snake River was 2–5
days (Mendel and Milks 1997).
Of the 40 fish that entered Lyons Ferry hatchery, 36 initially
bypassed the hatchery which is located below Lower Monumental
Dam and ascended above Lower Monumental Dam (n = 24), Little
Goose (n = 10), or Lower Granite (n = 1) dams, or into the Palouse
river (n = 1) before turning around and returning to the hatchery.
These results suggested that attraction flows of the Lyons Ferry
hatchery ladder may be inadequate for salmon to locate and enter the hatchery. Also, these results imply that Snake River fall
Chinook may initially overshoot their natal river or hatchery and
backtrack to relocate it. This makes sense because their imprinted
odor is no longer present to stimulate positive rheotaxis, so the
fish exhibit negative rheotaxis and swim downstream until they
encounter the odor again.
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One effect of all the impoundments has been to slow the river
flow. Before all the dams were constructed it would take a Chinook
salmon emigrating from the Salmon River, Idaho about 30 days to
reach the sea. Now, 8 dams later, it takes about 57–60 days in an
average flow year for them to arrive in the estuary (Raymond 1968,
1969, 1979, 1988; Bentley and Raymond 1976; Sims and Ossiander
1981; Sims et al. 1983; Park 1980, 1985; Park et al. 1980, 1983).
Spring and summer Chinook from all areas of the Columbia
and Snake River, and upriver bright fall Chinook salmon from the
Columbia River, distribute almost exclusively northward after entering the ocean. Tagged spring and summer Chinook were taken
off the coasts of Alaska and British Columbia. Some moved offshore to feed in the Gulf of Alaska as far west as 170–175ºW longitude (Wright 1968; Wahle and Vreeland 1978; Wahle et al. 1981;
Healey 1991). Fall Chinook tend to remain distributed along the
coastline, within about 300 km from shore (Healey 1991). Tag
recoveries from all these Chinook are about 4% off the coast of
California, Oregon and Washington, 39% off the coast of British
Columbia, 24% off the coast of Alaska, and 33% in the Columbia
River (Waples et al. 1991; Hyun 1996).
In contrast, upriver bright fall Chinook from the Snake River
distribute to the north and south after entering the ocean. Many
coded wire tags are recovered off the coast of California, Oregon
and Washington (Wright 1968; Hyun 1996; Hyun et al. 2007).
For example, coded wire tag recoveries from 1978 to 1984 brood
years of Fall Chinook released in the Snake River showed the following distribution: 29% off the coast of California, Oregon, and
Washington, 42% off the coast of British Columbia, 3% off the
coast of Alaska, and 26% in the Columbia River (Waples et al. 1991;
Hyun 1996). A total of 5,775,753 coded wire tags were put on Snake
River Fall Chinook that were released as yearlings from Lyons
Ferry Hatchery between 1990 and 2001. Of these, 22,708 (71.8%
of all recoveries) were subsequently recorded in the Snake River,
3,442 (10.8%) in the Columbia River, 1,880 (5.9%) off the Coasts
of Alaska and British Columbia, and 3,588 (11.3%) off the coasts of
Washington, Oregon, and California (Milks et al. 2006).
Depth distribution of Chinook in the ocean was between the
surface and 110 m (Healey 1991; Walker et al. 2007). They were
most numerous between depths of 57–73 m. Depths of Chinook
salmon tracked by depth sensing ultrasonic transmitters in
Johnstone Strait, British Columbia averaged 25–64 m during the
day and 49–78 m at night (Candy and Quinn 1999). Maximum
depth was 400 m. Swim speed of Chinook salmon in saltwater
averaged 1.7–3.2 km/hour (Candy and Quinn 1999) or 45 km/day
(Healey and Groot 1987).
About 19–25% of the spring Chinook released from Yakima
River hatcheries residualize and are precocious (James et al. 1999;
Pearsons et al. 2003b, 2004b; Larsen et al. 2004). For example,
Larsen et al. (2004) estimated the number of precocious males
in the Yakima Basin at 166,815 compared to a redd count of 3,836
Chinook redds in 2001. Thus, 43 precocious males were available
per redd in 2001.
In 2001, 2002, and 2003 various combinations of hatchery and
wild 4 year old and 5 year old male and female Yakima River spring
Chinook were placed in an artificial spawning channel and allowed to mate (Schroder et al. 2003a, 2003b, 2004, 2005, 2006).
Placed with them were 3 year old wild and hatchery jacks (males
that mature a year earlier than any female), as well as age 0+ and
1+ precocious male wild fish and age 1 precocious male hatchery
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fish. Ten percent of the fry produced from the matings were collected randomly and tested for pedigree using msDNA techniques.
For example, in 2002, 11 age 4 and 5–year old wild females, 11 age
4 and 5 hatchery females, 11 age 4 and 5 wild males, 11 age 4 and 5
hatchery males, 1 age 3 wild jack males, 1 age 3 hatchery jack male,
5 age 0+ and 1+ precocious wild males and 7 age 1+ precocious
hatchery jack males were placed in the spawning channel. Pedigree
evaluations were conducted on 1,566 fry.
In 2002, paternity testing revealed 11 age 4 or 5 wild males fathered 66.2% of the fry, the 11 age 4 or 5 hatchery males fathered
24.1% of the fry, the 1 age 3 wild jack fathered 3.3% of the fry, the 1
age 3 hatchery jack fathered 0.5% of the fry, the 5 age 0+ and 1+ wild
precocious males fathered 2.3% of the fry and the 7 age 1+ hatchery
precocious males fathered 3.6% of the fry. However, it must be remembered that precocious males were at fraction of their normal
abundance (7 males/22 redds = 0.31 fish/redd compared to 43 fish/
redd). If each individual had similar success, the percentage of fry
sired by precocious fish in the wild are likely much higher.

Atlantic salmon
In season homing (Heggberget et al. 1988), repeat homing
(Jonsson et al. 1991; Hansen and Jonsson 1994), and natal homing
(Calderwood 1922, 1940; White 1936; Dahl 1939; Carlin 1955, 1968,
1969, Jones 1959; Saunders 1967; Mills and Schackley 1971; Solomon
1973; Stasko et al. 1973; Jessop 1976; Isaksson et al. 1978; Sutterlin
et al. 1982; Swain 1982; Stabell 1984; Eriksson and Eriksson 1991;
Heggberget et al. 1991; Hvidsten et al. 1994) have been documented
in Atlantic salmon.
White (1936) marked 3,252 Atlantic salmon smolts in the Apple
River, Nova Scotia. He recovered 98 tagged adults (3% of those
marked), 92 of them (94%) in the Apple River and 6 (6%) at other
locations.
From 1958–1964, Atlantic salmon smolts (n = ~50,000) were
tagged in the Rivers Usk, Wye, and Severn, tributaries of Bristol
Channel, Great Britain, with fish from each tributary given distinctive tags (Salomon 1973). Of 104 adults recovered, 96 returned to
the river in which they had been tagged for a 92% homing accuracy.
Stasko et al. (1973) observed precise homing in Atlantic salmon
transplanted into five rivers in New Brunswick and Nova Scotia.
Of 16,600 smolts transplanted into the Miramichi River, 140 adults
were subsequently recovered on spawning grounds, including 140
(100%) homing to the Miramichi River and zero (0%) straying to
other locations. Of 9,990 smolts transplanted into the Restigouche
River, eight adults were recovered on spawning grounds, including
8 (100%) homing to the Restigouche River and none (0%) straying
to other locations. Of 80,805 smolts transplanted into the Margaree
River, 166 adults were recovered on spawning grounds, including
165 (>99%) homing to the Margaree River and 1 (<1%) straying to
another location. Of 9,930 smolts transplanted into the Phil-i-o
River, 47 adults were recovered on spawning grounds, including
47 (100%) homing to the Phil-i-o River and zero (0%) straying
to other locations. Of 17,950 smolts transplanted into the St. John
River, 62 adults were recovered on spawning grounds, including
62 (100%) homing to the St. John River and zero (0%) straying to
other locations.
Hansen and Jonsson (1994) investigated the mechanisms of
homing in Atlantic salmon. “First time spawners and post-spawners returned to the river they left as juveniles, regardless of whether
it was their river of genetic origin or one to which they had been
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transplanted as smolts. This behavior was not consistent with a hypothesis basing their homing abilities or a genetically fixed memory. It was, however, consistent with their having memorized the
river they left as they migrated to sea as juveniles.”
Habitat preferences of different life stages of juvenile Atlantic
salmon in freshwater were summarized by Bardonnet and
Baglinire (2000). Anadromous Atlantic salmon parr are unable to
osmoregulate and do not survive if put into full strength sea water
(salinity = 35 ‰). In the spring, when they are 1.5 to 2.5 years old,
parr become silvery smolts. Smolts develop osmoregulatory capability and survive if placed in sea water. Their survival is related
to an enzyme, Na+/K+ ATPase embedded in the gill membrane,
that functions as an outwardly directed sodium ion pump. The fish
drink sea water, which contains more salt ions than their body fluids, but are able to osmoregulate (maintain the concentration of
their body fluids) because the excess ions are pumped back out
through the gills. The activity of Na+/K+ ATPase is much higher in
smolts than parr because increasing day lengths in the spring stimulate the production of several hormones that act to both increase
the amount of Na+/K+ ATPase present in the gill membrane and
turn it on (i.e., increase its specific activity). Smolts cease terrestrial
behavior, form aggregations and migrate, en masse, to the sea.
Land-locked Atlantic salmon in Europe exhibit parr-smolt
transformation similar to their anadromous relatives. Both landlocked and anadromous populations in Norway had silvery smolt
color and similar high levels of gill Na+/K+ ATPase (Staurnes et al.
1991). However, land-locked Atlantic salmon in North America
exhibit parr-smolt transformation that is somewhat different than
their anadromous relatives because their ability to osmoregulate and adapt to sea water was poor (Barbour and Garside 1983;
Chernitsky and Loenko 1983; Burton and Idler 1984).
Anadromous Atlantic salmon smolts acclimated to freshwater
and transferred abruptly to sea water, had high levels of sea water
tolerance from late April to mid-May. In contrast if the transfer was
made from mid-May to early June fewer fish survived (Staurnes et
al. 1993; McCormick et al. 1999). Reduced sea water tolerance in
May and June was probably related to reduced gill Na+/K+ ATPase
activity as water temperatures warmed above the optimum temperature for this enzyme. Reductions in Na+/K+ ATPase activity
and salinity tolerance were observed in late May and June in southern latitude rivers that experienced warming, but not in northern
latitude rivers that did not experience warming (McCormick et
al. 1999). Adult returns were highest for fish released from lateApril to mid-May, which coincided with peak sea water tolerance.
McCormick et al. (1999) concluded: “these results indicate[d] that
late migrants in southern rivers lose physiological smolt characteristics due to high temperatures during spring migration. Delays in migration, such as those that occur at dams, may have negative impacts
on smolt survival in warmer rivers.” Thus, Atlantic salmon residualize to freshwater like Pacific salmon.
Atlantic salmon recycle nutrients from the ocean in the same
manner as Pacific salmon. Although considered iteroparous, the
majority of Atlantic salmon (66–99%) die after their first spawning. At sea, Atlantic salmon were consumed by sharks, swordfish,
tuna and pollock. In streams, American mergansers, king fishers
and American eels Anguilla rostrata fed on Atlantic salmon fry and
smolts (Scott and Crossman 1973). White (1933) reported that the
stomach of one 508 mm TL (20 inch) American eel contained 429
Atlantic salmon fry.

Net pen aquaculture (fish farming) of Atlantic salmon in Puget
Sound began in Washington in the 1970s and is now a thriving
industry that generates over $40 million per year for Washington’s
economy (Amos and Appleby 1999). As of 2002, ten commercial
net pen sites were being operated in Puget Sound, covering a surface area of 53 hectares (Waknitz et al. 2002). In 2005, six Atlantic
salmon farms were operated in Washington (Carroll 2005).
Approximately 10 million pounds of Atlantic salmon were produced annually with a gross value of $25 million. Private hatcheries on the Chehalis and Cowlitz river systems that supply juvenile
Atlantic salmon to the net pen operators generate an additional $5
million. A large support industry that manufactures nets, docks,
and anchoring systems to hold the nets in place has developed
around the fish farms. Tugboat operators are contracted to move
net pens around and fish processors are hired to clean and package the fish. The support industries generate about $10 million per
year. Yet, despite employing hundreds of Washington citizens, the
program is not without controversy because each year hundreds to
hundreds of thousands of Atlantic salmon escape from their net
pens or hatcheries and may potentially colonize watersheds currently occupied by Pacific salmon and trout. (See articles by Naylor
et al. 2003, and 2005 describing these concerns.). Atlantic salmon
are preferred over Pacific salmon for aquaculture operations because they survive better, grow faster and are less susceptible to
infectious disease (Waknitz et al. 2002).
Table 16.19 shows the number of Atlantic salmon raised in
Puget Sound fish farms, the number reported as having escaped,
and the number caught by commercial fisherman and sport anglers fishing in Puget Sound or tributary rivers between 1990 and
2006.
Between 1990 and 2006, commercial net pen aquaculture produced 26,640,329 Atlantic salmon (160 million pounds or about
10 million pounds/year) in Puget Sound. Of these at least 640,691
fish escaped their confinement and 4,817 were caught by commercial fisherman and 251 by sport fisherman in Puget Sound or tributaries entering Puget Sound (Amos and Appleby 1999; Waknitz
et al. 2002).
The large escape in 1996 was related to failure of an anchoring
system during a storm. In 1997, the escape occurred when a net
pen was being towed by a tugboat to avoid a toxic algae bloom.
In 1999, a net pen failed during an extreme tidal exchange (Amos
and Appleby 1999). By comparing the number of Atlantic salmon
caught by commercial fisherman and sport anglers during years
when large numbers of escapees were reported to those caught by
commercial fishermen and sport anglers during other years when
no escapes were reported, it appeared probable that escapes of similar magnitude took place in many years when no escapes were reported. Fewer fish appeared to have escaped in recent years (since
1999) owing to improvements in anchoring systems and net pen
construction, although an escape of 2,500 Atlantic salmon from
a net pen at Hope Island occurred in January 2005 (P. Meacham,
WDFW, Olympia, Washington, pers. comm.).
From 1988 to 1999, adult Atlantic salmon (n = total number
reported) were reported in the commercial or sport catch at the
following locations: Chehalis River (n = not recorded), Dungeness
River (n = 9), Duwamish River (n = 214, includes Green River),
Elwah River (n = 44), Kitsap River (n = 2,191), McAllister Creek
(n = 7), Minter Creek (n = 25), Nisqually River (n = 71), Nooksak
River (n = 17), Puyallup River (n = 22), Rich Passage (n = 1), Sekiu
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Table 16.19

Number of Atlantic salmon produced in commercial net pens, number reported that escaped from net pens and numbers
reported in the commercial and sport catches and numbers reported returning to WDFW salmon hatcheries, 1990–2006
(Table adapted from WDFW web site http://wdfw.wa.gov/fish/atlantic/comcatch.htm, accessed on 1/17/2008. NR = none
reported.)
Year

# produced

# escaped

commercial catch

sport catch

WDFW Hatchery R

1990

996,083

NR

449

4

0

1991

1,362,671

NR

1,012

17

0

1992

2,391,884

NR

166

0

0

1993

1,728,195

NR

225

25

0

1994

2,095,769

NR

369

9

0

1995

1,897,874

NR

200

7

0

1996

2,001,282

107,000

120

16

2

1997

2,133,791

369,000

2,204

99

53

1998

946,616

22,639

31

17

0

1999

1,211,997

115,000

14

3

25

2000

1,296,025

NR

15

1

0

2001

1,497,695

NR

6

14

0

2002

1,138,026

NR

2

0

0

2003

2,240,707

0

0

19

0

2004

1,278,478

24,552

3

19

0

2005

1,213,421

2,500

0

0

0

2006

1,209,815

0

1

1

0

(n = 1), Lower Skagit River (n = 10), Upper Skagit River (n = 2), Lake
Tapps (n = 2), Lake Washington Ship Canal (n = 80), and White
River (tributary of, and included in, Puyallup River). In 2004,
Atlantic salmon were taken at Ballard Locks (n = 2), Duwamish
River (n = 6), Elliot Bay (n = 4), and at Sekiu in the Strait of Juan de
Fuca (n = 1). Scales taken from these fish indicated they were of net
pen origin that had recently migrated into these rivers.
There are also about 100–110 commercial Atlantic salmon
farms operating in British Columbia (B.C.), primarily in the Strait
of Georgia and Vancouver Island. The B.C. aquaculture industry
is ten times larger than Washington’s, producing about 100 million pounds of salmon annually. This figure included about 80
million pounds of Atlantic salmon or 4 percent of the world’s
total of farmed Atlantic salmon (Ames and Appleby 1999). From
1987–2001, 88 documented escapes occurred from these net pens.
From 1988 to 1996, a total of 1,078, 368 (an average of 119,811 per
year) farmed salmon were reported to have escaped from B.C.
net pens (David Suzuki Foundation 2005). As of 2001, a total of
18,251 Atlantic salmon were captured by commercial fishermen or
sport anglers in marine waters of British Columbia (most along the
northeast coast of Vancouver Island). An additional 1,295 Atlantic
salmon were reported in freshwaters of British Columbia. In 2001,
Atlantic salmon were found in 77 B.C. rivers and streams. In 2003,
B.C. researchers recorded 10,826 escaped Atlantic salmon recovered in 17 days of sampling the commercial Pacific salmon fishery.
About half of the escapes reported in B.C. were due to severe
storms, about 30 percent due to equipment malfunction or human error, about 15 percent due to vandalism and 5 percent due to
predators such as seals or sea lions tearing holes in the nets (David
Suzuki Foundation 2005). “Leakage” was typically not reported
in the escape numbers. Leakage refers to the deliberate release of
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runts (individuals that exhibit poor growth) (Carroll 2005). As
salmon in net pens grow larger they are placed in progressively
larger sized nets to allow better water circulation. When small
mesh nets are replaced with large mesh nets runts simply swim
through the larger mesh. Carroll (2005) noted that runts typically
accounted for 1–15 percent of the total production and that as many
as 100,000 to 500,000 Atlantic salmon per year may have been
released but not accounted for in this manner. Perhaps ‘leakage’
also occurs at Washington net pen sites, which could explain why
commercial fishermen and sport anglers caught Atlantic salmon in
Puget Sound in years when no escapes were reported.
Although escapees usually remain in the vicinity of their net
pen, some have migrated long distances. As of 2001, 556 Atlantic
salmon were caught in Alaska (including one in the Bering Sea)
even though the closest Atlantic salmon net pen was over 1,000
km to the south (David Suzuki Foundation 2005). In 2002, an additional 44 Atlantic salmon were added to this list. A distribution
map in Behnke (2003) shows an Atlantic salmon captured in the
Bering Sea.
Prior to 1998 there was little evidence that escaped Atlantic
salmon were colonizing Pacific salmon watersheds, but from 1998
to 2000 a total of 153 naturally produced juvenile Atlantic salmon
were discovered in three rivers on the northeast coast of Vancouver
Island (Volpe et al. 2000). The fish were identified as naturally produced by alternating thick and thin growth rings on their scales,
which reflect seasonal growth in the wild. In contrast, hatchery
produced Atlantic salmon that are put into net pens are fed ad libitum and have growth rings that are of a constant thickness, so
they can be easily distinguished from wild fish. These data indicated that it was possible for escaped Atlantic salmon to breed in
the wild. However, the jury is still out as to whether they can suc-
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cessfully colonize a Pacific salmon watershed because the juveniles
would have to migrate to and survive in the ocean, then return
to their newly adopted home stream to spawn. So far this has not
happened. As of 2005, no wild adults have returned to the streams
in which the juvenile were found. Nevertheless, the discovery of
naturally produced juveniles is a necessary prerequisite for colonization and indicated that there was potential for colonization. It
prompted federal and state fisheries managers to conduct surveys
of Washington streams and conduct risk assessments of the potential for Atlantic salmon aquaculture to harm indigenous Pacific
salmon and trout.
From June 2003–June 2005, WDFW conducted 462 snorkel and
spawning surveys on 122 streams and rivers in western Washington
searching for Atlantic salmon (Meacham 2003, 2004, 2005). The
only locations where juvenile Atlantic salmon were observed were
in streams with Atlantic salmon hatcheries. All of these juvenile
had scale growth patterns that indicated they were of hatchery
origin.
Risk assessments were conducted by WDFW (Amos and
Appleby 1999) and the National Marine Fisheries Service (Waknitz
et al. 2002). Biological concerns fell into five main categories 1) potential for successful colonization of Pacific salmon watersheds by
escapees; 2) potential for hybridization between Atlantic salmon
with Pacific salmon or trout, resulting in introgression of Atlantic
salmon genes into Pacific salmon or trout genomes; 3) potential for
predation by Atlantic salmon on Pacific salmon or trout; 4) potential for competition between Atlantic salmon and Pacific salmon
or trout; 5) potential for disease transfer from Atlantic salmon to
Pacific salmon or trout.
Both studies indicated that the potential for colonization of
Pacific salmon watersheds was unlikely. Waknitz et al. (2002)
referenced a report on world distribution of Atlantic salmon by
Macrimmon and Gotts (1979) that described numerous attempts
to introduce Atlantic salmon (n = 5 million smolts) to western
states and Canadian provinces. None were successful in producing
self-sustaining runs and the Atlantic salmon disappeared shortly
after stocking ceased. Amos and Appleby (1999) described numerous attempts to introduce Atlantic salmon at various locations in
Washington from 1951 to 1991 (n = 148,655 released at 25 locations).
None survived for more than a few years after stocking stopped.
Particularly noteworthy, in 1980 and 1981 WDFW stocked Minter
Creek with 8,161 Atlantic salmon smolts with the intent of establishing a run there. Although the smolts were released at an appropriate time to establish an imprint to Minter Creek, no adults
subsequently returned.
The United States Bureau of Fisheries made several attempts to
establish land-locked Atlantic (Sebago) salmon in Washington at
locations in eastern Washington (e.g. Sullivan Lake, Pend Oreille
County, Moses Lake, Grant County, and Rock Lake, Whitman
County) commencing in 1904 (see section on Atlantic salmon distribution for details) but these too failed to establish self sustaining
populations. Wydoski and Whitney (2003) cautioned that early attempts of stocking Pacific salmon into the Great Lakes failed but
later introductions of coho, Chinook and pink salmon resulted in
natural reproduction and eventual colonization of several tributaries. Pink salmon have expanded their populations from Lake
Superior, where they were initially introduced, and are presently
colonizing Lake’s Michigan and Huron. Consequently Wydoski and
Whitney (2003) expected that Atlantic salmon would eventually

colonize streams in Washington if escapes from net pens are allowed to continue. However, Waknitz et al. (2002) pointed out that,
“Deliberate releases of Atlantic salmon have failed
to establish local self-sustaining populations anywhere
in the northern hemisphere outside their native range.
Monitoring programs in British Columbia find naturally
produced juvenile from time to time, but naturally produced adults have not been observed.”
Potential for hybridization of Atlantic salmon with Pacific
salmon and dilution of Pacific salmon gene pools is remote (Amos
and Appleby 1999; Waknitz et al. 2002). Data were presented
that hatching success of Atlantic salmon hybridized with various
Pacific salmon and trout was nil. About 64.1 percent of the eggs
of an Atlantic salmon female mated with an Atlantic salmon male
survived to hatch. In contrast when an Atlantic salmon male was
used to fertilize the eggs of pink, chum, coho, sockeye, or Chinook
salmon, percent hatch ranged from 0–1.8%, 1–1.2%, 0–0.0%,
0–1.2%, 0–1.1%, 0–9.8% respectively. When Atlantic salmon eggs
were fertilized with the sperm of pink, chum, coho, sockeye or
Chinook salmon or rainbow trout, percent hatch ranged from
3.6–5.5%, 0–1.4%, 0–1.4%, 0–0.00%, 0–2.3%, and 0–0.2% respectively. Survivors exhibited deformities and did not become sexually
mature after four years in captivity (Noakes et al. 2000). Reciprocal
crosses between Atlantic salmon and cutthroat trout resulted in no
viable eggs. These survival rates were the result of artificial fertilization. Natural hybrids between Atlantic salmon and Pacific salmon
or trout have not been reported (reviewed by Waknitz et al. 2002).
Potential for predation and competition between Atlantic
salmon and Pacific salmonids was discussed in detail in the food
habits section. Most of the Atlantic salmon stomachs examined
were empty or contained pieces of wood and detritus that resembled food pellets, indicating that they were having difficulty switching to natural foods. For this reason, Amos and Appleby (1999) and
Waknitz (2002) dismissed biological interactions (predation/competition) between Atlantic salmon and Pacific salmon or trout as a
potential threat. However, any naturally produced Atlantic salmon
would probably eat natural foods. Volpe et al. (2001) have noted
that there is considerable diet overlap and potential for competition between juvenile Atlantic salmon and juvenile steelhead trout.
At the present time there is no indication that the number of wild
Atlantic salmon is sufficiently large to be a matter or concern, but,
if their population were to increase markedly over present levels,
predation and competition would become a greater worry.
Potential for transfer of infectious diseases from Atlantic salmon
to Pacific salmon or trout was another concern. Large numbers of
fish held in close confines have the potential to rapidly spread disease. Introduction of new diseases was a matter of particular concern. For example, Fuller et al. (1999) in their American Fisheries
Society monograph on non-indigenous fish, cited an article by
Dentler (1993) that indicated such a transfer had already taken
place. Atlantic salmon stocked in net pens were ostensibly responsible for introducing a “new disease”, viral hemorrhagic septicemia (VHS), to the west coast and the disease had since been found
at Puget Sound salmon hatcheries. However, Amos and Appleby
(1999) noted that VHS was identified from a Pacific salmon hatchery before it was reported in an Atlantic salmon net pen. It was
later reported in Atlantic salmon from one net pen during routine screening and that no outbreak of the disease was occurring
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at the time. Subsequent testing of additional salmon from that net
pen failed to confirm the presence of VHS, so it was possible that
the initial VHS identification was a false positive. Furthermore,
a naturally occurring Pacific variant of VHS was known to occur
naturally in stocks of herring and pilchard in Puget Sound. Amos
and Appleby (1999) thought that the source of the virus originated
from these wild fish and was transferred from them to both the
Atlantic and Pacific salmon. Thus, there appears to be a naturally
occurring Pacific variant of VHS.
Both Amos and Appleby (1999) and Waknitz et al. (2002) concluded that there was a low risk of disease transfer, especially new
diseases, from Atlantic salmon to Pacific salmon or other wild fish.
In part this stems from the fact Atlantic salmon presently used for
net pen aquaculture were originally transferred from New England
to the National Marine Fisheries Service, Northwest Fisheries
Center in Seattle in 1971 to test the feasibility of salt water net pen
rearing in Puget Sound. Prior to shipping them to the west coast,
eggs were screened and certified to be free of bacterial and viral
pathogens. Progeny (eggs) of the net pen reared fish were originally supposed to have been sent back to the east coast to aid in
Atlantic salmon restoration programs. However, fish managers on
the east coast didn’t want the eggs because they were concerned
about the transfer of Pacific salmon diseases to the Atlantic. These
eggs then became available to net pen ranchers in Puget Sound as a
source of fish for net pens and a source for starting Atlantic salmon
brood stocks at private fish hatcheries. Thus, there was no history of disease in the Atlantic salmon brood stocks. Additionally,
by Washington law (WAC 220–77–030), privately owned Atlantic
salmon populations must be tested annually for presence of exotic
bacterial and viral pathogens. As of 2005, none had been reported.
Atlantic salmon net pens have been documented to contribute
to sea louse, Lepeophtheirus salmonis, infection rates in wild pink
and chum salmon (Morton and Williams 2003; Morton et al. 2004,
2005). The sea louse is an external parasitic copepod that is prevalent in farmed salmon because the fish cannot swim away from it,
and, once established, it can spread swiftly within the confines of
the net pen. The nauplii larvae are free swimming. Wild juvenile
pink and chum salmon smolts become infected with nauplii as
they swim past Atlantic salmon net pens. Prior to net pen aquaculture sea lice were observed in adult salmon but rarely in juveniles.
The parasite rarely kills adults but it can be deadly if contracted
by juveniles. In 2001, 98.1% of the juvenile pink salmon migrating
through the Broughton Archipelago in the Strait of Georgia, north
of Vancouver, B.C., were infected and adult return of the 2001 (F1)
cohort was 99% below that of the parental generation (Morton and
Williams 2003; Morton et al. 2005).
In 2002, the British Columbia Ministry of Agriculture ordered
fallowing (removal of farmed Atlantic salmon from net pen cages)
along the migration route of pink salmon in 2003. Infection rates
of sea lice in pink salmon declined (from 7/fish in 2002 to <1/fish)
when the net pens lay fallow in 2003, but rebounded to 10/fish in
2004 after Atlantic salmon were put back into the pens (Morton et
al. 2005). The percentage of fish infected also declined from 91.8%
in 2002 to 36.1% in 2003, but rebounded to 94.5% in 2004 (Morton
et al. 2005).
In colonial times (1700s) a pervading myth was that frequent
consumption of Atlantic salmon kelts caused leprosy (Goode 1888).
This notion was taken so seriously that colonial governments in
New England established laws that required Master Craftsmen to
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feed their indentured servants no more than one or two meals of
Atlantic salmon per week (Goode 1888). This example illustrates
that, at the time of settlement, Atlantic salmon must have been incredibly abundant and easy to catch to have formed such as large
part of the human diet.

Brown trout
Repeat homing to a tributary previously used for spawning was
documented for brown trout by Tilzry (1997). Reproductive homing back to natal tributaries (or streams into which they had been
transplanted) has been documented for adfluvial and anadromous
brown trout (Stuart 1957; Shearer 1959; Scholz et al. 1978b; Jonsson
1985). Olfactory cues appeared to be necessary to guide the fish
home. In sensory impairment experiments, when reproductively
mature brown trout were displaced from their home tributary, they
were able to find their way back to it if their olfactory sense was
left intact, but not if their olfactory sense was impaired by plugging the nasal chambers with Vaseline-coated cotton or severing the olfactory nerves (Stuart 1957; Shearer 1959; Halvoren and
Stabell 1990). In contrast, there was no difference in the return of
vision-impaired brown trout outfitted with opaque eye caps and
controls outfitted with transparent eye caps, indicating that vision
was not essential for relocating the stream from which they had
been displaced (Stuart 1957). Homing was also reported in stream
dwelling brown trout that had been displaced and tracked using
radio telemetry (Armstrong and Herbert 1997). Bachman (1984)
noted that brown trout with resident life history made distinct seasonal migrations associated with spawning. After spawning, they
migrated back to the same home foraging area previously used.
Stuart (cited in Scholz et al. 1978b) marked a group of young brown
trout in one branch of a forked inlet tributary to Dunalastair Reservoir
in Scotland. After the fish had migrated to the reservoir a new channel was dug that connected the home tributary to the reservoir. All of
the water from the home fork was diverted into a new channel, and
the original channel was maintained by water from the second fork.
During the spawning migration adult trout homed to the new channel
(which contained water from their home fork where they had reared)
in preference to the channel by which they had entered the reservoir
(which no longer contained water from the home fork). Stuart’s observations clearly indicated that the fish homed to water originating from
the home tributary, rather than to a specific home location.
Scholz et al. (1978b) exposed young brown trout to the synthetic chemical morpholine, for two months between the ages 16–
18 months (smolt stage) while they were held in a fish hatchery in
central Wisconsin. A control group, composed of an equal number
of fish was not exposed. Each group was given a distinctive mark
and both groups were stocked into Lake Michigan at the same location. During the spawning season, morpholine was metered into
a Lake Michigan tributary near their stocking site and the number of morpholine-exposed and control fish returning to it were
counted. Ten times as many morpholine-exposed fish as control
fish returned to the stream during their adult spawning migration.
Few morpholine-exposed fish were recovered in nearby tributaries whereas numerous control fish were recovered in them. These
results indicated that brown trout become imprinted (i.e., learned)
the synthetic chemical during a critical period of their development and were later ‘decoyed’ into a novel stream that they had
never occupied before, but was scented with the synthetic chemical, during their spawning migration. These results were consistent
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with the hypothesis that adult brown trout use an odor memory as
a cue to relocate their home stream during the spawning migration.
There may also be an innate genetic component involved in
brown trout migration. Brown trout may spawn in an inlet or outlet
stream of a lake. Those spawning in the inlet must migrate downstream (swim with the water current), whereas those spawning
in the inlet must migrate upstream (swim against the current), to
reach the nursery lake. When recently emerged fry from inlet and
outlet spawning populations were tested for their response to water
currents in laboratory raceways, it was found that progeny from inlet spawners had an innate tendency to swim upstream against the
current whereas progeny from outlet spawners had an innate tendency to swim downstream with the current (Jonsson et al. 1994).
Genetic variation of brown trout populations throughout their
native range in Eurasia, Europe; and North Africa was examined
using allozymes (Ryman 1983; Osinov 1984; Ferguson and Mason
1981; Guyomard 1989; Hamilton et al. 1989; Osinov 1989, 1990;
Garcia-Marin and Pla 1996; Largrader and Scholl 1995, 1996),
mtDNA haplotype analysis (Bernatchez et al. 1992; Bernatchez 2001;
Giuffra et al. 1994, 1996; Bernatchez and Osinov 1995; Hynes et al.
1996; Osinov and Bernatchez 1996; Apostolidis et al. 1997; Hansen
and Mensberg 1998; Garcia-Marin et al. 1999; Weiss et al. 2000)
and sequencing of the cytochrome b and 10 s rRNA genes (Patarnell
et al. 1994). These studies revealed that, on a broad geographic
scale, brown trout can be subdivided into five major evolutionary
lineages (identified by diagnostic alleles and/or unique haplotypes)
that evolved in geographic isolation in different glacial refugia during Pleistocene glaciation and remained reproductively isolated (in
allopatric distribution) since then (Bernatchez 2001). Within each
of these major lineage fine scale stock structuring was apparent.
Each major river system had its own genetically distinctive stock.
Brown trout populations from different tributaries within one
major river were genetically more similar to each other then they
were to brown trout populations from other rivers, yielding some
evidence of metapopulation structuring. Yet tributary populations
within a major river system were still usually genetically distinctive from one another as evidenced by distinctive allele frequencies
that were temporally stable, i.e., in Hardy-Weinberg equilibrium.
This result is consistent with the hypothesis that brown trout return with great precision to spawn in the stream of their birth.
Brown trout tolerate (and grow in) warm water better than
other species of salmonid fishes. They survive over a range of
0.6–25.6°C (33–78°F) (Piper et al. 1986) and can even tolerate temperatures as high as 27.2°C (81°F) for short periods (Wydoski and
Whitney 1979). Their optimum temperature for efficient metabolism and growth is 8.8–15.6°C (48–60°F) (Piper et al. 1982). Brown
trout prefer temperatures of 11–14°C (Reynolds and Casterlin
1979) and exhibit behavioral avoidance at temperatures >19°C, i.e.,
they will migrate into colder water, if available, when temperature
rises above 19–20°C (Clapp et al. 1990; Garrett and Bennett 1995).
McMichael and Kaya (1991) observed that waters in Montana with
summer temperatures >19°C did not support successful brown
trout fisheries.
Brown trout planted in Box Canyon Reservoir, Pend Oreille River
in the 1940s and 1950s established natural adfluvial spawning populations that spawn in tributaries and rear in the reservoir. Fifteen
brown trout captured in the reservoir within ± 2 km of the mouth
of the Skookum Creek in early June 1992, moved from the reservoir
into the creek when reservoir temperature exceeded 19°C in late June

(Garrett and Bennett 1995). Temperatures of the Pend Oreille was
>22°C in July and August. The purpose of this early migration was
thought to be related to avoidance of warm reservoir temperatures
(Garrett and Bennett 1995). The fish remained in the tributaries until
they had completed spawning before returning to the Pend Oreille
River. In October and November redds were observed in Skookum
Creek at the locations where the tracked brown trout were located.
Nine of the 16 fish eventually returned to the reservoir while the rest
remained in Skookum Creek. Many of those fish that remained in the
creek had apparently suffered post-spawning death.
Other investigators have also reported that brown trout may
become active and seek out coolwater refuges when the ambient
temperature of the water in which they reside rises above 18–19°C
(Kaya et al. 1997; Nettles et al. 1987; Meyers et al. 1992). For example, brown trout abandoned the Firehole River in Yellowstone
National Park (where summer temperatures exceeded 24°C) and
entered a cooler (17°C) tributary (Kaya et al. 1977). Brown trout
may dive into the thermocline of stratified lakes to avoid warm
temperatures in the epilimnion. Since Box Canyon Reservoir does
not stratify this is not an option for Pend Oreille River brown trout.
Brown trout typically made spawning migrations in September
and October in water bodies where excessive warm summer temperatures were not a problem (Thorpe 1974; Solomon and Templeton 1976;
Scholz et al. 1978; Haynes and Nettle 1983; Jonsson 1985; Nettles et al.
1987; Olson et al. 1988; Maise and Bogliniere 1990; Meyers et al. 1992;
Maret et al. 1993; Scott 1999). In 1993, when temperatures of the Pend
Oreille River remained below 18°C until late July, brown trout did not
migrate into tributaries in June or July (Garrett and Bennett 1995).
In Chamokane Creek juvenile brown trout occupied a variety of
habitats ranging from riffles to pools, whereas adult brown trout were
bottom-oriented pool dwellers (Barber et al. 1988). Table 16.20 summarizes the habitat preferred and utilized by different life stages of brown
trout in Chamokane Creek. These data were obtained by measuring
focal point current velocity, depth, substrate and cover at the position
that each fish occupied in the stream. Both juveniles and adults associated with cover provided by undercut banks or large woody debris
(Barber et al. 1988).
Brown trout usually fed most actively at sunrise and sunset,
coincident with peaks in density of invertebrates drifting in water currents (Elliot 1970). In streams, small (≤250 mm TL) brown
trout were sedentary and set up home feeding territories (Jenkins
1969; Bachman 1984; Diana et al. 2004; Popoff and Neuman 2005).
A dominance hierarchy was established, with the largest fish occupying the best position with hiding cover for obtaining drift
food (Jenkins 1969). Bioenergetic costs associated with swimming
against a current were thought to play a role in selection of a particular location (Hayes et al. 2000; Diana et al. 2004). Dominant fish
occupied choice spots that minimized energy expenditures. Large
brown trout (>250 mm TL) were more mobile, but still patrolled
restricted home territories. They usually remained hidden in cover
during the day and came out at dusk to feed (Jenkins et al. 1969;
Bachman 1984; Clapp et al. 1990; Young 1999; Ovidio et al. 2002).
Radio-tracking of 11 adult brown trout, 442–584 mm TL, for 904
days in the Au Sable River, Michigan indicated that some of them
were sedentary while others were nomadic (Diana et al. 2004). In
either case, the fish occupied a home hiding location during the
day and made extensive nocturnal movements. Sedentary brown
trout always returned to the same home hiding location during the
day. Nomads used multiple daytime hiding locations. The number
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Table 16.20

Current velocity, depth, substrate and cover preferred and utilized by brown trout in Chamokane Creek, Stevens County,
WA. Substrate codes: Si = silt (<0.62 mm), Sa = sand (0.62–2.0 mm), G = gravel (2.0–64.0 mm), C = cobble (64–256 mm),
BO = boulder (>256 mm) and Be = bedrock. Cover codes: N = none, I = instream cover (large woody debris, undercut banks
or rocks), O = overhead cover, C = combination of instream and overhead cover. YOY = Young-of-the-Year. Data from
Barber (1988)..

Habitat Variable

Life Stage
Fry (n = 86)

Velocity (cm/s)

Depth (cm)

Substrate

Cover

Preferred
Utilized

Preferred
Utilized

Preferred
Utilized

Preferred
Utilized

YOY (n = 151)

Adult (n = 62)

Redds (n = 140)

21.3

39.6

21.3

21.3

67.1

0.0–33.5

0.0–103.6

0.0–109.7

0.0–70.1

9.1–94.5

12.2

39.6

67.1

67.1

21.3

6.1–54.9

9.1–88.4

9.1–115.8

18.3–137.2

9.1–42.7

Sa

C

Si

C

G, C

Si, Sa, G, C

Si, Sa, G, C

Si, Sa, C, BO, BE

Si, Sa, G, C

G, C

I

O

C

C

N, I, O, C

N, I, O, C

N, I, O, C

N, I, O, C

of daytime hiding sites used by an individual brown trout averaged
(ranged) 3 (1–5) (Diana et al. 2004).
Biological interactions (competition or predation) between brown
trout and native salmonids is a matter of increasing concern to fish
managers in the Pacific Northwest (Taylor et al. 1984; Fuller et al. 1999).
Brown trout and rainbow trout seemed to be able to coexist reasonably well together. Chamokane Creek, Stevens County harbors naturally spawning populations of both brown trout and rainbow trout.
Populations in a 13 km segment above Chamokane Creek’s confluence
with the Spokane River numbered 20,633 brown trout and 15,945 rainbow trout (Scholz et al. 1988). Both species exhibited excellent growth
(Uehara et al. 1988). Rock Lake, Whitman County, harbors both
brown trout and rainbow trout that are maintained by annual stocking (McLellan 2000). Both species grew rapidly and contributed to the
fishery.
However, stocking of brown trout has been implicated in the
decline of native golden trout (Kruger and May 1991), bull trout
(Moyle 1976), Lahontan cutthroat trout (McAfee 1966) and other
cutthroat trout at many locations throughout the western United
States (Behnke 1992, 2003; Fuller et al. 1999). For example, brown
and brook trout have largely replaced native westslope cutthroat
trout and bull trout in tributaries of the Pend Oreille River.

Tiger trout
The tiger trout is a sterile hybrid produced by crossing female
brown trout and male brook trout. In making this cross, fish geneticists attempted to combine the fighting prowess of brown trout
with the disease resistance of brook trout. The reason why brown
trout females are used in making this cross is because survival
of offspring is much greater when brown trout females are used
(5–10%) compared to when brook trout females are used (0–0.5%)
(Suzuki and Fulguda 1971a, 1971b). For comparison when brown
trout eggs are fertilized with brown trout sperm, or brook trout
eggs are fertilized with brook trout sperm, survival is usually >70%.
Any hybrid offspring that do survive are sterile. A trick is used
to increase the survival of hybrid fry. This is done by fertilizing
1166

Juvenile (n = 197)

brown trout eggs with brook trout sperm, then heat shocking the
eggs, which causes them to develop an extra set of chromosomes,
making them triploid instead of diploid. Triploid fish hybrids often
survive better than diploid hybrids. In the case of tiger trout, triploiding increased the survival of fertilized eggs to the time of initial
feeding from 5–10% (diploid fish) to 34% (triploid fish) (Scheerer
et al. 1987).

Bull trout
Life history of bull trout was reviewed by Russel (1975), Goetz
(1989), Graves et al. (1992), Pratt (1992), McPhail and Baxter (1996)
and Scholz et al. (2005). Bull trout have an affinity for waters fed by
alpine glaciers, snowfields, and cold upwelling ground water. Bull
trout prefer cold water and are uncommon where water temperatures rise above 15°C for extended periods (Goetz 1989; McPhail
and Baxter 1996). Buchanan and Gregory (1997) reported that
optimal temperature was 1.1–6.1°C (34–43°F) for egg incubation,
4–10°C (39–50°F) for fry and juvenile growth, and 10–12°C (50–
54°F) for adult growth and migration.
In the Pend Oreille River, near Newport, WA where ambient
summer temperatures in the main river channel were 21–25°C, bull
trout congregated in a coldwater refuge provided by an artesian
spring that ran at a constant temperature of 11°C (Geist et al. 2004).
Water from the spring flowed into the river through a culvert.
Flow from the culvert had scoured a 1.5 m deep pool in the river.
Temperatures at the surface of the pool were similar to ambient
river temperature, but the cold spring water from the culvert sank
to the bottom of the pool and maintained the temperature at 15–
16°C. This was the only cold water in the Pend Oreille River in the
vicinity of Newport, WA. Ten of the 11 bull trout captured during
electrofishing surveys in the summer of 2003 and 2004 were found
at the bottom of this pool (Geist et al. 2004; Scholz et al. 2005).
Migratory bull trout appear to have a strong homing tendency,
returning to their home streams from spring to early autumn and
spawning from early September to mid October. They return to
previously occupied overwinter sites soon after spawning. In their
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migrations between home spawning tributaries and overwinter
sites, they exhibit remarkable fidelity to each locale (reviewed by
Scholz et al. 2005).
Bull trout tend to exhibit strong fidelity to sites previously used
for spawning and repeatedly return there over several years in succession. For example, marked adfluvial bull trout in the Flathead
River, Montana returned with great precision to the tributary
where they had been marked in a previous spawning season (Block
1955; Fraley et al. 1981). In the mid Columbia River bull trout returned to the same location in a tributary it had used previously for
spawning to spawn a second time (BioAnalysts, Inc. 2003).
Arden et al. (2011) investigaed mt DNA and ms DNA in 75
populations of bull trout sampled throughout their range in the
United States. Their data indicated that bull trout could be subdivided into two lineages based on geographic distribution: A
coastal lineage and an interior lineage likedly caused by survival
in (and dispersed from) two different, social refuges, one in the
Pacific reforge in the Lower Columbia and Cheholic Rivers, the
other liely in glacial Lake Missoula. Their analysis further revealed
that the 75 populations could be seperated into 69 genetically different groups. There are approximately 600 local populations of
bull trout located within 118 core groups (mate populations) in the
United States (USFWS 2012). Results of Ardent et al.'s (2011) study
indicated that conservation efforts should be focused on preserving all fo the 118 bull trout core areas. Also, since each population is
likely genetically distinctive with unique behaviors that dopt them
to local environments there is value in preserving all 600 locally
adopted populations.
Biotelemetry investigations in the Kootenai River, Montana
demonstrated that a bull trout successfully ascended 9.1 m high
Kootenai Falls. The Kootenai River drops 24.7 m over a distance
of 1.6 km, over a series of limestone ledges; the largest is Kootenai
Falls. A post-spawning female bull trout, radio-tagged as an outmigrant in Quartz Creek, a tributary that enters the Kootenai River
above the falls, on October 7, 1999, migrated into the Kootenai River
and then traveled downstream below Kootenai Falls on November
4, 1999 (Hoffman et al. 2002). It remained below the falls until July
18, 2000. When next detected on September 27, 2000 it had migrated back into Quartz Creek and spawned there a second time
(Dunnigan et al. 2003). After spawning the fish migrated back into
the Kootenai River between September 27, 2000 and November
6, 2000 and remained above the falls before returning to Quartz
Creek a third time between August 20, 2001 and September 24,
2001 (Dunnigan et al. 2003).
At Rimrock Lake, Yakima County, spawning adfluvial bull trout
were captured in traps in two tributaries (Indian Creek and South
Fork Tieton River) (James 2002). Over a five year period 765 bull
trout were caught and tagged in Indian Creek and 620 adult bull
trout were caught and tagged in the South Fork Tieton River. Of
745 recapture events (537 in Indian Creek and 208 in the South
Fork) in subsequent spawning seasons, 99.8% (744 of 745 recoveries) were captured in the same stream where they were originally
marked (James 2002). Some individuals were recaptured as many
as four times in the same tributary.
Reiss (2003) examined the genetic structure of 12 populations of bull trout inhabiting the Yakima River Basin, Yakima
and Kittitas Counties, Washington. Allele frequencies at six polymorphic msDNA loci were examined in 2–4 age classes of fish
from each population. Within populations variation was low, but

variation between populations was relatively high. This was even
true of two adfluvial populations that spawned in two tributaries
(Indian Creek and South Fork of the Tieton River) of one reservoir
(Rimrock Lake). Each stock was genetically distinctive. Fish from
each stock intermingled in the lake but each returned to its own
home river to spawn, which maintained the genetic distinctiveness of each stock. The genetic results were consistent with tagging
studies which demonstrated that bull trout tagged in each tributary subsequently returned to the tributary where is was originally
marked during subsequent spawning seasons (James 2002). Over a
four year period only one of 745 fish recaptured strayed to the opposite tributary (James 2002).
In Reiss’s study, bull trout captured at seven locations in the
Naches River were genetically more similar to each other than they
were to three populations in the Upper Yakima River, which also
clustered together. This suggested that a certain amount of metapopulation structuring may be occurring. Deviations from HardyWeinberg equilibrium were noted in several populations. This may
have been related to relatively small remnant populations or possibly was an artifact of sampling because few fish were sampled for genetic analysis (n was generally ≤30 total fish for most populations).
Seventy fluvial bull trout in the Morice River, British Columbia
were implanted with radio transmitters (Bahr and Shrimpton
2004). Individual fish were tracked over two spawning seasons to
evaluate repeat homing. Mature fish migrated from the mainstem
into five different spawning tributaries from June–September and
returned to the mainstem soon after spawning in September. Fish
that spawned in both years of the study returned to the same tributary in the second year. In fact, they utilized the same location
within each of the five tributaries that they used during the first
year.
Adfluvial bull trout in the Middle Fork East River, a tributary
of the Priest River (joins the Pend Oreille River 28 km below the
outlet of Pend Oreille Lake, Idaho), made post spawning migrations
to over-winter and forage in Pend Oreille Lake (Dupont and Horner
2004; Geist et al. 2004). Six adult bull trout, implanted with radio
transmitters on their spawning grounds in the fall of 2002, migrated
out of the Middle Fork and down the East and Priest Rivers, then up
the Pend Oreille River to Pend Oreille Lake. In May and June 2003,
three fish (two that overwintered in the lake and one that overwintered in the river) made the reverse migration, first migrating downstream in the Pend Oreille River, then up the Priest and East Rivers
to the Middle Fork, where they remained until spawning (Geist et
al. 2004; Dupont et al. 2007). Thus, these fish homed to and repeat
spawned at the same location used the previous year. Genetic structuring of bull trout populations within a drainage basin suggests
that genetic variability within local populations is low, but genetic
variation among populations is high (Costello et al. 2003; Kanda
et al. 1997; Leary et al. 1993; Neraas and Spruell 2001; Taylor et al.
1999). This result is what would be expected if spawning bull trout
have a high degree of fidelity to their natal tributary. Therefore,
genetic data are consistent with the hypothesis that bull trout have
strong natal homing tendencies.
However, there is contradictory evidence for homing in bull
trout. There is a suggestion that bull trout in a tributary (McKenzie
Creek) of the Arrow Lake, Columbia River, used a different tributary in successive spawning seasons (McPhail and Murray 1979).
[Their evidence stemmed from the observation that only two of 65
post-spawning out-migrants tagged in 1977 returned to McKenzie
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Creek during the 1978 spawning season. These data coupled
with the observation that few large-sized adults were found in
McKenzie Creek, lead McPhail and Murray to speculate that bull
trout have “an apparent tendency to switch to new and larger spawning streams as individuals grow.” It should be noted that their evidence for this conjecture was strictly circumstantial. They had no
direct evidence, such as fish tagged in one tributary but recaptured
in a different one later at a larger size, to back up their argument.]
Bull trout in tributaries of Lake Pend Oreille also evidenced some
episodes of straying (Pratt 1992). McPhail and Baxter (1996) proposed these conflicting results could be reconciled by recognizing
that bull trout spawning in large, stable streams tend to repeatedly
home to them, whereas those that spawn in small streams, presenting passage difficulties during episodic drought events, have
a greater tendency to switch streams when their home tributary is
inaccessible.
On balance it appears that repeat homing by adult bull trout
to previously used spawning sites is the rule and that straying is
the exception. Less certain is whether bull trout exhibit fidelity to
natal spawning sites that were also used by their parents. Because
many species of salmonids are semelparous, natal homing may be
inferred by the return of marked adults to the stream the juveniles
left. Because bull trout are iteroparous, return of an individual to a
stream in which it previously spawned does not necessarily imply
that it also returned to its natal stream because the birth stream in
which it reared was not confirmed.
However, genetic structuring of bull trout populations within a
drainage basin suggests that genetic variability within local populations is low but genetic variation among populations is high
(Costello et al. 2003; Kanda et al. 1997; Leary et al. 1993; Neraas
and Spruell 2001; Taylor et al. 1999). This result is what would be
expected if spawning bull trout have a high degree of fidelity to
their natal tributary. Therefore, genetic data are consistent with the
hypothesis that bull trout have strong natal homing tendencies.
Thyroid surges have been implicated as a mechanism for activating olfactory imprinting to natal stream odors in salmonid fishes
(Scholz 1980; Hasler and Scholz 1983; Scholz et al. 1992). Bull trout
experience elevated thyroid levels at the swimup life stage and
each spring (April–May) at ages 0, 1, and 2 (Galloway et al. 1994;
Fredenberg et al. 1998), so it appeared that they were physiologically capable of imprinting to natal tributaries before migrating out
of them.
Bull trout in the interior Columbia River Basin may be either
resident or migratory. Resident forms usually occur in headwater tributaries above natural barriers that are insurmountable by
migratory bull trout (Goetz 1989; McPhail and Baxter 1996). They
are usually sedentary (i.e., there must be strong selection against
downstream migration in these populations otherwise they would
not persist above barrier falls) but may make local movements to
spawn or avoid ice (Jakober et al. 1998).
Resident bull trout in the Tucannon River, Washington migrated upstream 25–75 km in June and July to spawning sites
near the headwaters. This migration may have had as much to do
with avoiding high temperatures in the lower Tucannon River as
it did with locating spawning sites since summer temperatures
were 3–4°C cooler in the upper river. After spawning in early
September, they returned to overwinter in the lower river (Martin
1992; Martin et al. 1992; Underwood et al. 1994; Underwood 1996;
Faler et al. 2003, 2004). None of the radio-tagged bull trout (n = 16
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in 1992; n = 76 in 2002/2003) were detected at a location other than
Tucannon River, although contact with two of the fish in 1992 was
lost after they had returned to the lower river and it was suspected
that they had moved into the Snake River. Hence, some Tucannon
bull trout may have a migratory life history.
Migratory forms include bull trout with fluvial and adfluvial
life histories. Both types reside in their home tributary for one to
four years before migrating respectively into a larger river or lake.
Emigration occurs in spring and summer in some populations and
fall in others. After maturing in the river or lake in about one to
three years, they return to spawn in their natal tributary. After becoming sexually mature they make annual round trip migrations
from over winter/foraging areas to home spawning tributaries and
back again. Some fluvial stocks may commence these annual migrations in advance of becoming sexually mature; especially if the
main river becomes too warm during the summer. In that case
they may migrate to the colder water of a tributary and then migrate back into the main river in the fall when temperatures are
colder (See Swanberg 1997a).
Bjornn (1961) determined that adfluvial bull trout in Priest
Lake, Idaho spent 2–3 years in natal tributaries before emigrating
to the lake in May. His conclusions were based on analysis of their
scales which showed the first two or three annuli close together
(indicating stream residence) and the next annulus separated by a
wide distance (indicating a transition to lake residence). Bull trout
juveniles left tributaries of Pend Oreille Lake, Idaho at age 2–3,
when they attained total lengths of 170–300 mm (Pratt 1985; Saffel
and Scarnecchia 1995). Juvenile migration coincided with spring
flows and peaked in May and June.
In the Flathead River, Montana juvenile bull trout emigrated
from tributaries of the upper Flathead River to Flathead Lake at
ages 2 (49%) and 3 (32%), with lower numbers at ages 1 (18%) and
4 (1%) (Fraley and Shepard 1989). Emigration of juveniles out of
tributaries into the main stem of the Flathead River occurred in
June and July. Migrations from the mainstem to Flathead Lake
took place in August to September; so juvenile emigrants were
highly mobile throughout the summer.
Juvenile adfluvial bull trout in tributaries of Rimrock Lake,
Yakima County, Washington, were thought to emigrate from their
home tributaries in autumn (James 2002). This was also the case
for juvenile bull trout in the East River, Bonner County, Idaho
which migrate down the Priest River and up the Pend Oreille River
to forage in Pend Oreille Lake, Idaho (Geist et al. 2004).
In Mill Creek, Walla Walla County, Washington, (resident) juveniles, predominately 170–230 mm TL, were caught in a downstream migration trap set in the Mill Creek mainstem from early
April through September (Hemmingson et al. 2001a, 2001b). Catch
peaked in April, remained high through June and gradually tapered
off after the first week in July. Radio telemetry investigations demonstrated that this population remained continuously within the
Mill Creek drainage(Hemmingson et al. 2001a, 2001b). None were
detected entering the Walla Walla River which was impaired by
high summer temperatures (above bull trout thermal tolerance).
The Mill Creek bull trout spawned in Mill Creek and its tributaries.
Collectively, these data suggest that the Mill Creek population had
a stream resident life history.
Sexually mature resident, fluvial and adfluvial bull trout typically spawn in September or early October (Fraley and Shepard
1989; Goetz 1989; Martin et al. 1992; Underwood et al. 1994;
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McPhail and Baxter 1996). Sexually mature migratory bull trout
commonly began spawning migrations in May or June and entered spawning tributaries about 2–3 months prior to spawning in
September. This behavior is especially prevalent in bull trout populations occupying the Pend Oreille/Clark Fork Basin, Idaho and
Montana. This early migration is a critical life history adaptation
that allows fish to access spawning tributaries that have intermittent reaches during the summer and fall months (Anderson 1971;
Pratt 1985; Pratt and Huston 1993; PBTTAT 1998). The geology of
this basin is such that many streams have influent reaches, especially near mouths, that are above the level of the water table. Water
is maintained in the channel during peak flows but sinks into the
ground during low flows. Routine occurrence of subsurfacing during average and below average runoff years would likely provide
a strong natural selection force favoring individuals with an early
migration schedule, which could be considered a local adaptation
to the environment.
A late summer/early fall spawning migration also occurs from
Lake Pend Oreille into the Clark Fork River and tributaries entering along the Clark Fork (Jeppson 1960b; Pratt 1985; Pratt and
Huston 1993; PBTTAT 1998). A portion of the spawning population
in Lightning Creek enters in August and September. Late summer
or fall migration is potentially advantageous in terms of reproductive fitness because the fish remains in a more productive environment continuing to feed for a longer period, and converting more
energy into gamete production. Hence, fecundity of late migrating spawners may be greater than that of early migrating spawners
which enter less productive tributary environments. The contrasting strategies of early or late migration could thus both be the result of natural selection. The downside of later spawning migration
is that intermittent stream reaches may block migration into home
tributaries and increase the probability of straying.
Adfluvial bull trout in the Flathead River (Fraley and Shepard
1989), fluvial bull trout in the Clark Fork/Blackfoot rivers
(Swanberg 1997a, 1997b) also commenced migrations and entered
spawning tributaries in June. Both spawning and non-spawning
fluvial bull trout adults in the Blackfoot River, Montana, migrated upstream and entered tributaries (North Fork and Monture
Creeks) in June and July (Swanberg 1997a). Spawning fish (n = 7)
ascended the spawning tributaries in late June or July and remained in them for 67 ±10 days before spawning and returning
down stream in September (Swanberg 1997a). Non-spawning fish
(n = 14) entered the tributaries after the spawners in July. They remained in them for 28 ±18 days before returning downstream in
late August. Upstream migration in June and July was nocturnal
and rapid (4.4 ±2.2 km/day). Swanberg speculated that early migration “may have evolved as a strategy to avoid seasonally unfavorable conditions in the Blackfoot River where ambient temperatures can exceed 20 °C.” Swanberg noted that movement into the
tributaries where water temperatures were <15 °C would reduce
metabolic costs by at least 12–20 percent and conserve energy for
reproduction. Similarly, bull trout in the warm upper Clark Fork
river moved into a relatively cooler tributary (Rock Creek) in July
(Swanberg 1997b).
Conventional tagging and radio telemetry investigations have
demonstrated that fluvial and adfluvial bull trout frequently make
migrations between spawning and wintering areas of 50–200
km (Block 1955; Bjornn and Mallet 1964; Thiesfeld et al. 1996;
Swanberg 1997; Hemmingson et al. 2001b; Faler et al. 2003, 2004;

Bahr and Shrimpton 2004). Adfluvial bull trout traveled 88–250
km from Flathead Lake to reach spawning tributaries in the North
and Middle Forks of the Flathead river (Fraley and Shepard 1989).
A radio-tagged adfluvial bull trout traveled 357 km from Kootenay
Lake into a headwater breeding stream of the Duncan River, British
Columbia (O’Brien 1997). Fluvial bull trout traveled up to 325 km
from foraging areas in the Middle Fork Salmon River, Idaho into
headwater spawning tributaries (Bjornn and Mallet 1964).
Migratory bull trout have a “remarkable ability to squirm over
barriers” (McPhail and Baxter 1986) and have been documented to
surmount barriers that block salmon and steelhead/rainbow trout
(McPhail and Murray 1979; Brown 1994).
Migratory forms of bull trout probably evolved because they
place individuals in locations where there is a better opportunity
for growth and gamete production in comparison to resident forms
that live permanently in cold, unproductive headwater tributaries.
Although spawning populations of bull trout tend to be naturally
isolated from one another because of the tendency of individuals
to return to spawn in a home stream (which promotes adaptation
to the environment on a local scale as well as genotypic and phenotypic distinctiveness among local populations), occasional straying
by migratory bull trout contributes to genetic exchange between
populations and makes local populations more vigorous (resilient) by increasing genetic variability and diversity. This results
in a metapopulation structure at a regional scale. The diversity of
bull trout life history strategies (resident, fluvial, and adfluvial) also
plays a key role in their metapopulation structure and their persistence as a species (Northcote 1992; Rieman and McIntyre 1996;
Bergdahl 1998).
At local scales, individual bull trout populations are at risk of
local extirpations owing to habitat degradation (e.g., by deforestation, dewatering and increased temperatures associated with irrigation withdrawals and livestock grazing), environmental stochasticity (e.g. long-term drought events that reduce stream discharge)
and genetic risks associated with small population size such as
inbreeding depression. Interaction with non-indigenous fishes
[e.g., hybridization with brook trout Salvelinus fontinalis (Kitano
et al. 1994; Martin 1992), or competition with lake trout Salvelinus
namaycush (Donald and Alger 1993)] may have also contributed
to their demise. For example, bull trout were “abundant” in Lake
Chelan, Chelan County (Evermann 1989) prior to the introduction of non-indigenous lake trout, but none have been reported
in recent years whereas the lake trout population has flourished.
I do not mean to imply that lake trout were responsible for the
bull trout decline as bull trout had largely disappeared from Lake
Chelan before the first lake trout were stocked (Brown 1984).
However, the presence of lake trout may prevent recovery of bull
trout in Lake Chelan.
Another factor that possibly contributed to weakening of bull
trout populations in regions where they occurred in sympatry with
Pacific salmon and steelhead, was the decline in numbers of anadromous fish, which provided food for bull trout either directly (in
the form of eggs or juveniles) or indirectly (in the form of aquatic
insects and resident fish like sculpin or minnows that were dependent upon marine-derived nutrients released by decomposing
carcasses of anadromous fish). Nitrogen, phosphorus, and carbon
recycled from the ocean by migrating anadromous salmonids
made substantive contributions to the annual budgets of these elements in the streams where anadromous fish spawned. Hence, the
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gradual disappearance of salmon from these systems made them
less productive. Declining numbers of apex predators such as bull
trout would be expected under these circumstances.
At a regional scale bull trout metapopulations are at risk of
extinction because their local populations are becoming increasingly isolated in shrinking patches of habitat as migration corridors of fluvial and adfluvial populations have become blocked
by construction of hydroelectric and irrigation dams (Lacy 1987;
Rieman and McIntyre 1993, 1995, 1996; Rieman et al. 1997; Thurow
et al. 1997; Dunham and Rieman 1999; Nelson et al. 2002). Dam
construction has fragmented the regional metapopulation structure of bull trout in many sub-basins of the Columbia River, particularly in the Pend Oreille/Clark Fork/Flathead System (British
Columbia, Idaho, Montana, and Washington), where construction of nine dams on the mainstem has isolated segments of the
regional populations. Similar fragmentation has occurred as the
result of construction of hydroelectric and irrigation dams in the
Yakima and Walla Walla Basins, Washington.
Rieman and McIntyre (1996) have pointed out that the persistence of bull trout at both local and regional scales will likely
require restoring the connectivity (i.e., metapopulation structure)
between local populations. Reestablishment of migration corridors
would allow individuals, whose contribution to locally adapted
gene pools would have been lost because their access to home tributaries was blocked, to contribute genetic variation that helps make
the gene pool of their parent stock more robust. Reestablishment
of migration corridors would also likely promote increased wandering and straying by migratory bull trout, which provides a
mechanism to recolonize damaged habitat or increase the genetic
diversity of small, isolated, genetically depressed populations.
Rieman et al. (1997) examined 4,462 watersheds in the Pacific
Northwest and noted that in most of them migratory bull trout
life histories had been lost entirely or their mobility was greatly
restricted from the historic past owing to construction of dams
without fish ladders. They concluded that the present situation of
restricted mobility was probably a limiting factor that prevented
local populations suffering habitat loss to recover (because their
depressed populations were genetically weakened and they had no
means of increasing genetic variation in the remaining population
as there was no immigration). Dams eliminate or restrict upstream
migration of adults, affecting the ability of fish to reproduce in
their natal tributary (Rieman and McIntyre 1995; Swanberg 1997).
Bull trout in the middle Columbia River, captured as they
moved through fish ladders at mid-Columbia dams in 2001 and
2002, were implanted with radio transmitters and tracked by radio
telemetry (BioAnalysts, Inc. 2004). Fifteen fish were captured at
Rock Island Dam which is downstream of the Wenatchee River.
Seven of them were released below the dam and eight were released above the dam. All seven of the fish released below the dam
ascended the fish ladder within 1–18 days. Three of them migrated
into the Wenatchee River and four of them migrated past Rock
Island Dam and entered the Entiat River. One fish released above
the dam entered the Wenatchee River, and five migrated past
Rocky Reach Dam, with three of them entering the Entiat River
and two migrating past Wells Dam and into the Methow River,
then migrating up the Methow into the Twisp River.
Forty-seven fish were captured at Rocky Reach Dam, which is
upstream of the confluence of the Wenatchee River (BioAnalysts,
Inc. 2004). Twenty-four of them were released below and 23 were
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released above the dam. Nine fish released below the dam migrated
downstream into the Wenatchee River and 14 ascended the Rocky
Reach fish ladder, with 12 of them entering the Entiat River and
two continuing up past Wells Dam to the Methow River. Sixteen
of the fish released above the dam moved into the Entiat River and
six continued upstream past Wells Dam into the Methow River and
eventually entered the Twisp River.
Nineteen bull trout were captured at Wells Dam, with nine
released below and ten released above the dam (BioAnalysts, Inc.
2004). One fish released below the dam migrated downstream
into the Entiat River and eight ascended the Wells ladder, then
migrated into the Methow River. Six of them entered the Twisp
River. One fish released above Wells Dam moved downstream
past Wells and Rocky Reach dams into the Wenatchee River.
Eight fish released above Wells Dam moved into the Methow
River, with four remaining in the Methow, three entering the
Twisp and one moving into Buttermilk Creek (another tributary
of the Methow).
The study provided insight about how bull trout utilized
mid-Columbia tributaries. Of the 15 bull trout that entered the
Wenatchee River, 12 tended to spend most of their time in the
mainstem (many in Tumwater Canyon) and one each spent most
of their time in Chiwawa, Icicle or Peshastin creeks. Of the 34 that
entered the Entiat, 23 spent most of their time in the mainstem
and 11 spent most of their time in the Mad River. Of 26 that entered the Methow, six spent most of their time in the mainstem, 18
moved into the Twisp River and one each moved into Buttermilk
and Libby creeks. Both the Methow and Okanogan rivers enter the
Columbia a short distance above Wells Dam, but only one moved
into the Okanogan River during the study and that fish, after
spending less then 0.5 hours in the Okanogan, quickly backtracked
and migrated into the Methow (BioAnalysts, Inc 2004).
Although several bull trout spent time in Wanapum Reservoir,
only one migrated below Wanapum Dam (BioAnalysts, Inc. 2004).
This fish had been captured at and released below Rock Island
Dam on 4 June 2002. On 22 June it was detected in the Rock Island
ladder and by 1 July had migrated into the Wenatchee River, where
it resided for five months. It overwintered in the Columbia River
above Rock Island Dam. In the spring of 2003 it dropped below
Rock Island and Wanapum dams and was last detected in the forebay of Priest Rapids Dam. Collectively, these data suggested that
the bull trout of the mid-Columbia form a distinctive unit, confined in the area between Wanapum Dam and the Methow River.
Within this area they roam freely, although they tend to home to
previously used spawning sites.
The mid-Columbia dams did not appear to be a major impediment to bull trout movements. Bull trout seemed to pass easily
in both upstream and downstream directions through the midColumbia mainstem. Most of the fish moved more extensively
than the synopsis provided here indicated. For example, one fish
released below Rock Island migrated above Wells Dam and then
back down below Rock Island having traveled 322 km round trip.
Another fish captured at, and released below, Rock Island Dam on
7 June 2002, ascended the Rock Island ladder on 14 June, entered
the Wenatchee River on 22 June and migrated to the confluence of
the Chiwawa River where it remained until 6 November. It then
migrated down the Wenatchee River into the Columbia, passed
below Rock Island Dam and overwintered in Wanapum pool at a
location about halfway between Wanapum and Rock Island dams.
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On 14 June 2003 it ascended the Rock Island ladder. On 16 June
it entered the Wenatchee River, migrated to the Chiwawa River
and remained there until 21 November when it again migrated
back into the Columbia where contact was lost (BioAnalysts, Inc.
2004). These types of extensive movements were the rule, not the
exception, for all of the bull trout in the mid-Columbia. Thus, this
investigation provided a hint about the movements that bull trout
are capable of if adequate passage facilities are provided for them
at dams.
Neraas and Spruell (2001) provided an example of how hydroelectric dams contributed to the loss of genetic variation. Bull trout
populations in tributaries of the Clark Fork River upstream of
Cabinet Gorge Dam have declined since the dam was constructed
in 1952 without a fish ladder. Each year adult bull trout, believed
to be adfluvial migrants from upstream tributaries, collect below
the dam. Neraas and Spruell (2001) compared msDNA (eight loci)
of bull trout captured below the dam to that of bull trout captured
in tributaries of the Clark Fork (above the dam) and tributaries of
Pend Oreille Lake (below the dam). They found that the Cabinet
Gorge bull trout were “most likely individuals that hatched in tributaries above the dam, reared in Lake Pend Oreille and could not
return to their natal tributaries to spawn.” Thus, since bull trout
blocked by the dam did not contribute to the gene pool of their
natal tributary, continuing lack of passage caused continuing loss
of genetic diversity in tributaries above the dam.
Epifanio et al. (2003) concluded that, restoration of upstream
passage of bull trout blocked by Cabinet Gorge Dam was needed to
reduce the risk of a genetic bottleneck and recommended that fish
congregating below the dam be captured and transported above
the dam. This procedure would effectively “let the fish decide”
whether to return below the dam or migrate upstream into spawning tributaries.
From 2001–2004, 129 bull trout captured below Cabinet
Gorge Dam were implanted with radio transmitters and transported above it by tank truck (Lockard and Dos Santos 2005). A
hole punch was used to collect a tissue sample from a fin, which
was sent to a U.S. Fish and Wildlife Service genetics laboratory in Abernathy, Washington. Geneticists compared each fish’s
DNA to archived samples from bull trout populations residing in
tributaries of the Clark Fork River above the dam and tributaries
of Pend Oreille Lake below the dam. Thus, a genetic assignment
was made for each fish that predicted its natal tributary based on
msDNA similarity. Eighty-nine percent of the genetic assignments
predicted that the fish belonged to a tributary population above
Cabinet Gorge Dam and about half were from tributaries above
Noxon Rapids Dam (the next dam above Cabinet Gorge). Radio
tracking detected 78 of the 129 bull trout in tributaries of Cabinet
Gorge Reservoir during the spawning season and another 40 were
detected by stationary receivers mounted to monitor the tailrace
at Noxon Rapids Dam. Forty fish passed downstream volitionally
over the spillway or through the turbines at Cabinet Gorge Dam, 11
prior to the spawning season and 29 during post-spawning migrations to overwinter/forage areas.
Bull trout were historically abundant in the Box Canyon Reach
(RKM 55.5–141.5) of the Pend Oreille River between Metaline Falls
and Albeni Falls. Populations became isolated when the reach
was closed by Albeni Falls Dam at the upper end in 1952 and Box
Canyon Dam at the lower end in 1957.

Gilbert and Evermann (1894) surveyed the Box Canyon Reach
for the USFC in 1892, and described its water as “clear and pure
and cold—an ideal trout stream,” further noting that “salmon trout”,
identified as bull trout in the taxonomy section of their report,
were “quite abundant…We know of no stream which offers finer opportunities with rod and reel than the lower Pend Oreille.” At the
mouth of LeClerc Creek, a bull trout 660 mm long and weighing
1.9 kg was seen in the possession of a Kalispel Indian (Gilbert and
Evermann 1894). Jordan and Evermann (1908) identified the Box
Canyon Reach as one of the nation’s premiere bull trout waters:
“It has been our pleasure to fish for Dolly Varden [i.e., bull trout] in
many different waters, among which we recall with particular satisfaction the Pend Oreille River from the Great Northern Railroad [i.e.,
Newport, WA] to the international boundary…”
Apparently, bull trout persisted in good numbers throughout
the Box Canyon Reach until the 1950s because “many large Dolly
Varden [i.e., bull trout]” were caught during a Field and Stream
tournament held on the Pend Oreille River in 1957 (Metaline
Falls Gazette, 3 April 1958). An abrupt decline in bull trout abundance followed closure of the Box Canyon Reach by the two dams.
USFWS (2000) discussed their rapid disappearance and noted
that “their numbers [had] decreased to the point that individual fish
[were] noteworthy”. For example, from 1988 to 1990, only four bull
trout were collected in a sample of 67,349 fish during 216.2 hours of
boat electrofishing, 765 hours of gill net sets and 2.6 km of beach
seine hauls (Ashe and Scholz 1992).
Historical records documented that salmonids easily ascended
the natural falls, called Senniacwateen by the Kalispel Indians or
Albeni Falls by settlers, upon which Albeni Falls Dam was constructed. Gilbert and Evermann (1894) noted, “These falls [were]
scarcely more than a pretty steep rapid and would not interfere at all
with the ascent of salmon[ids].” Rathbun (1895) observed that “trout
[species not indicated] pass[ed] freely up the[se] falls.” Migration
of adfluvial bull trout in the Pend Oreille River/Lake system,
Idaho and Washington was blocked when Albeni Falls Dam was
completed in 1952 without any fish passage facilities. A log chute
was constructed in the spillway structure so that timber could be
floated over the dam to downstream sawmills, but no-one had the
foresight to install a fish ladder. As a result access to Pend Oreille
Lake was cut off for bull trout that spawned in tributaries below
the dam. Additionally, any bull trout that spawned in tributaries of
Pend Oreille Lake and happened to pass below the dam were unable to return to spawn in their home tributary. Completion of Box
Canyon Dam in 1957 inundated the Box Canyon Reach, converting
it from “an ideal trout stream” to a warm reservoir lake that was not
conducive to bull trout with migratory life histories since upstream
passage to a potentially cold water refuge in Pend Oreille Lake was
blocked by Albeni Falls Dam. The fragmented population went
into a precipitous decline and only remnants remain. Soon only
fading memories of bull trout in the Box Canyon will remain unless corrective actions are undertaken soon.
Box Canyon Reservoir was surveyed by Barber et al. (1989a, 1989b,
1989c, 1990), Ashe (1991), Ashe et al. (1991a, 1991b), Bennett and Liter
(1991), Ashe and Scholz (1992), Skillingstad (1993), Skillingstad et al.
(1993), Bennett and Garrett (1994), KNRD and WDFW (1996), Scholz
(1998), Bennett et al. (1999), Anderson (2000, 2002), Connor et al.
(2001, 2003a, 2003b, 2005, 2006), Stovall et al. (2001), Anderson and
Olson (2003), Geist et al. (2004), Olson and Anderson (2004), Scholz
et al. (2005), and Divens and Osborne (2011). Collectively, these sur-
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veys examined 114,793 fish from Box Canyon Reservoir between 1987
and 2004. Of these, only 19 were bull trout. The majority of bull trout
(n = 12 of 19) were captured during surveys conducted in 2003 and
2004 that targeted the tailrace area below Albeni Falls Dam (Geist
et al. 2004; Scholz et al. 2005). A total of 17.5 hours of electrofishing effort was expended below Albeni Falls Dam to catch 2,618 fish
including the 12 bull trout. During 2004, WDFW and the Kalispel
tribe surveyed the remainder of the reservoir between the two dams
(Divens and Osborne 2011). A total of 25.5 hours of electrofishing
effort was expended to catch a total of 14,657 fish, but no bull trout
were caught. These data suggested that bull trout are not uniformly
distributed throughout the reservoir. Rather, they appeared to be
concentrated in the tailrace area below Albeni Falls Dam. Ten of the
12 bull trout were captured in the 15°C effluent of a cold spring located 1.5 km below Albeni Falls Dam. Ambient temperature of the
river was approximately 20–23°C.
In July 2003, seven bull trout were captured below Albeni Falls
Dam, surgically implanted with radio transmitters and released in
the spring effluent to determine their interactions with the dam
(Geist et al. 2004). Locations of radio-tagged fish were determined
using stationary radio receiver stations connected to arrays of yagi
antennas mounted on the dam and by mobile tracking from boats.
Six of the seven bull trout made forays between the cold water effluent and the base of the dam. They were detected by continuously
recording radio receiver stations mounted on the dam, with antennas oriented to detect radio-tagged fish passing within 360–550 m
or closer. These data supported the hypothesis that the bull trout
collected below Albeni Falls Dam were most likely washouts from
spawning tributaries of Pend Oreille Lake/River above the dam.
Apparently, they congregated in the coldest water available below
the dam and used the spring effluent as a staging area for making
periodic futile attempts to surmount the dam.
In June 2004, two bull trout (one 640 mm TL, 1.0 kg in weight,
the other 653 mm TL, 3.6 kg in weight) were captured below and
released above Albeni Falls Dam to determine if they returned to
their capture sites below the dam or migrated upstream to Lake
Pend Oreille (Scholz et al. 2005). If the fish moved upstream after
release, especially if they moved into tributaries of the lake or river
at biologically appropriate times for spawning, it could be inferred
that the fish had volitionally or accidentally passed over Albeni
Falls Dam, which prevented their migration back to home spawning tributaries. Fish were tracked using a combination of continuously recording radio receiving stations spaced out along the Pend
Oreille River between Albeni Falls Dam and Pend Oreille Lake and
by mobile surveys from airplanes. Both fish migrated from their
release point 7.5 km above Albeni Falls Dam to Pend Oreille Lake
(a distance of 27.2 km upstream) within 14.5 (smaller fish) and 21.5
(larger fish) hours after release. Both fish resided in the lake over
the summer. On 30 August the larger fish was detected in Lightning
Creek, a spawning tributary of Pend Oreille Lake. It returned to the
lake by 3 October. In 2005, the smaller fish entered Trestle Creek,
another bull trout spawning tributary on the north shore of Pend
Oreille Lake, during the spawning season. Genetic samples were
collected from these fish and compared to a genetic database of bull
trout populations in the Pend Oreille drainage. This genetic comparison predicted that the larger of the two fish should spawn in
Lightning Creek and the smaller fish should spawn in Trestle Creek.
Many bull trout that occur in tributaries that enter the Pend
Oreille River downstream of Pend Oreille Lake make a unique type
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of adfluvial migration to reach the lake. First they migrate downstream in their home tributary then upstream after they enter the
Pend Oreille River to reach the lake. This is termed an allacustrine
adfluvial migration (Dupont et al. 2007). In 2002, six post-spawning trout were implanted with radiotransmitters in the East River,
tributary of the Priest River, which enters the Pend Oreille River
36 km downstream from Pend Oreille Lake. These fish travelled 12
km down the East River, 34 km down the Priest River, then 36 km
up the Pend Oreille River to Lake Pend Oreille. The subsequent
spring three of these fish made the reverse migration and returned
to the East River to spawn (Dupont et al. 2007).
Thus, lack of fish passage at Albani Falls creates two sorts of
problems for bull trout in the Pend Oreille System. First, it prevents bull trout which spawn in tributaries of Lake Pend Oreille and
entrain below the dam from returning to their home tributary to
spawn. Second, it prevents bull trout, which spawn in Washington
tributaries of the Pend Oreille River, access into Lake Pend Oreille.
This is necessary for them to successfully complete their life cycle
because the Pend Oreille River in Washington becomes too warm
for bull trout (summer temperatures reach 20-23°C) whereas the
bull trout theral maximum is about 16-18 °C. In contrast, the deep
waters of Lake Pend Oreille offer them a cold water refuge.
Most adfluvial bull trout in the Clark Fork/Pend Oreille Basin
of Montana migrate down their home tributary, then down the
Clark Fork or river, to reach Lake Pend Oreille. This is termed
lacustrine adfluvial migration. Many bull trout that spawn in 35
Montana tributaries of the Clark Fork River exhibit this life history.
As they migrate downstream they entrain at Noxon Rapids and/
or Cabinet Gorge dams, neither of which has a fish ladder, so they
are blocked when they try to ascend the Clark Fork by Cabinet
Gorge dam. As a temporary solution to this problem, Avista
Corporation, operator of Cabinet Gorge Dam, is capturing bull
trout below the dam, genetically testing each fish to determine if
it belongs to the tributary population above either Cabinet Gorge
or Noxon Rapids dams, then moving the fish to the appropriate
location, either above Cabinet Gorge dam, or Noxon Rapids dam
depening on the results of the genetic testing (DeHaan et al. 2005,
2008). From the time the first is caught until the genetic testing is
complete is generally 24-48 hours, hence the program is called the
Rapid Response Genetic Identification Program.
Four dams[Cabinet Gorge(at Pend Orielle/Clark Fork @RKM
241.2), Noxon Rapids (@RKM 273.1), Thompson Falls (@RKM
334.7), and Milltown (@RKM 586.3)], constructed without fish ladders on the Clark Fork River, Montana between 1907 and 1932, disrupted the connectivity of bull trout migratory corridors between
the Clark Fork/Flathead/Blackfoot rivers, Montana and Lake
Pend Oreille, Idaho. Milltown Dam was removed in 2007/2008.
In 2010, a $7.5 million fish ladder was constructed at Thompson
Falls Dam to pass bull trout and westslope cutthroat trout. Cabinet
Gorge and Noxon Rapids dams are not yet ladered. As a temporary solution for creating fish passage, the Avista Corporation is
collecting bull trout below Cabinet Gorge Dam by trapping and
electrofishing for them. The bull trout population below Cabinet
Gorge Dam contains a mixture of bull trout that come from tributaries that enter the Clark Fork River between Cabinet Gorge and
Noxon Rapids dams, between Noxon Rapids and Thompson Falls
dams, and above Thompson Falls dam. Also, some of the bull
trout below Cabinet Gorge Dam spawn in tributaries of Lake Pend
Oreille or the Clark Fork River below the dam. Thirty nine tribu-
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taries of the Pend Oreille River (above Albani Falls Dam), Clark
Fork River, and Lake Pend Oreille harbor genetically distinctive
populations of bull trout. [5 in the Priest River a tributary that enters the Pend Oreille River downstream from Lake Pend Oreille; 4
tributaries that enter Lake Pend Oreille; 3 tributaries that enter the
Clark Fork River below Cabinet Gorge Dam (one of thsee tributaries -- Lightning Creek -- has 7 genetically distinctive populations
in different effluents); 2 tributaries that enter the Clark Fork River
between Cabinet Gorge and Noxon Rapids dams; 5 tributaries that
enter the Clark Fork River between Noxon Rapids and Thompson
Falls Dams; and 14 tributaries that enter the Clark Fork River above
Thompson Falls Dam (including 2 on the Lower Flathead River, 1
on the Bitterroot River, and 5 on the Blackfoot River.]
The USFWS genotyped bull trout in each of these 39 tributaries
(n=2,298 total bull trout) at a suite of 12 microsatellite DNA loci
and found that bull trout in each of the 39 populations had disctinctive allele frequencies that was in Hardy-Weinberg Equilibrium, so
much so that blind bull trout samples could be genotyped and assigned (using a genetic assginment program called whichrun 4.0)
to a particular tributary. Of 62 blind bull trout run, 54 (87.1%) were
correctly assigned to a particular region (1.e., Above Thompson
Falls, Thompson Falls, Noxon Rapids to Thompson Falls, Cabinet
Gorge to Noxon Rapids, or below Cabinet Gorge) and 49 (79%)
were assigned to their correct tributary population.
From 2004 to 2010, Avista biologists collected 259 bull trout
below Albani Falls Dam (DeHaan et al. 2011). They punched out a
piece of tissue from one of their fins using a paper hole punch and
sent it to the USFWS fish genetics laboratory by overnight mail for
making the genetic assignment. Each fish was passive integrated
transponder (PIT) tagged, and held in a streamside holding facility until the results of the genetic assignment was received, usually
withing 24-48 hours after the fish was captured. Based on the genetic assignment, 203 bull trout were transported upstream above
one or more dams. The usual procedue was to transport individuals genetically assigned to the 2 tributaries that enter the Clark Fork
between Cabinet Gorge and Noxon Rapids dams to a release site
upstream of Cabinet Gorge Dam; transport those assigned to one
of the 5 tributaries that enter the Clark Fork River between Noxon
Rapids and Thompson Falls Dams to a release site above Noxon
Rapids Dam; and those that were genetically assigned to one of
the 14 tributaries upstream from Thompson Falls Dam to a release
site above Thompson Falls Dam. Based on their genetic assignment, 56 bull trout were predicted to spawn in tributaries that enter
the Clark Fork Rivber below Cabinet Gorge Dam, tributaries that
enter Pend Oreille Lake, or tributaries that enter the Pend Oreille
River below the Lake and above Albanie Falls Dam. Thus, use of
genetic assignment has helped to re-establish migratory connectivity in a fragmented metapopulation of bull trout, and increased the
number of adults in numerically depressed spawning populations
in tributaries above Cabinet Gorge, Noxon Rapids, and Thompson
Falls dams.
I assume that if Box Canyon, Albeni Falls, Cabinet Gorge, and
Noxon Rapids dams are retrofitted with fish ladders, bull trout will
use them like the mid-Columbia bull trout used the ladders at the
mid-Columbia mainstem dams. This would restore the connectivity of fragmented bull trout populations in the Pend Oreille Basin.
For many years bull trout were classified as Dolly Varden
Salvelinus malma, because both species are red-spotted. However, it
had long been noticed that the interior (bull trout) and coastal (Dolly

Varden) forms of western red-spotted charr were distinctive. For example, Girard (1856: 2&8) stated “I am almost certain that there are
two species of red-spotted trout on the Pacific Coast that are entirely
different from each other…The first species inhabits only the coldest
waters, is not very abundant anywhere, and is not anadromous. The
second is not so particular about…temperature…and is unquestionably anadromous.” Girard noted that the first species inhabited the
interior Columbia Basin whereas the second species was abundant in
the bays and rivers of Puget Sound and in the coastal rivers.
Based on morphological, morphometric, and meristic characters, Cavender (1978) concluded that the two forms should be
considered distinct species. In particular, the bull trout was better adapted for piscivory than the Dolly Varden, with a longer
snout (i.e., longer maxilla and mandibles). This makes the head
of a bull trout longer than the head of a Dolly Varden. Heads from
the nape to the tip of the snout of bull trout were >25% of the
standard length whereas heads of Dolly Varden were <25% of the
standard length. Bull trout also had minute denticulations (teeth)
on the mesial side of the gill rakers whereas Dolly Varden lacked
them. The denticulations function to grasp and manipulate prey
fish. Based on Cavender’s work, the AFS’ Committee on Names
of Fishes in 1980 officially adopted the scientific name Salvelinus
confluentus and common name bull trout for the species (Robins
et al. 1980). Additional morphological, morphometric and meristic (Haas 1988; Haas and McPhail 1991, 2001), cytogenetic, i.e.,
chromosome karyotype (Cavender 1984; Phillips et al. 1989), and
molecular genetic evidence (Grewe et al. 1990; Pleyte et al. 1992;
Phillips et al. 1994; Leary and Allendorf 1997; Taylor et al. 1999,
2001) confirmed this diagnosis.
Although no single character can always distinguish bull trout
from Dolly Varden, Haas and McPhail (1991), based on morphometric
and meristic analysis of 887 Dolly Varden and 693 bull trout collected
throughout their respective ranges, determined that a suite of characters (branchiostegal ray number, anal fin ray count and jaw length)
could be combined into a formula that identified them. The formula
was [(0.629 × branchiostegal ray count) + (0.178 × anal fin ray count) +
(37.310 × total jaw length)] ÷ [standard length–21]. Individuals with values > 0 were bull trout. Individuals with values < 0 were Dolly Varden
(Haas and McPhail 1991). Based on this formula, Haas and McPhail
concluded that both Dolly Varden and bull trout were found west of
the Cascade Range, but only bull trout were found east of the Cascade
Range. However, when this formula was applied to bull trout collected
in the Walla Walla/Touchet and Tucannon river basins in southeastern Washington, 9 of the 80 fish examined were identified as Dolly
Varden (Martin 1992; Martin et al. 1992) The fish examined in the latter study were otherwise similar to bull trout (e.g. broad flat head),
so perhaps the formula does not accurately separate bull trout form
Dolly Varden 100% of the time. The single best character for separating
them was branchiostegal ray count: bull trout had 22–31 (usually 26–31
and mean count of 27) whereas Dolly Varden had 12–25 (usually 17–23
and mean count of 21 or 22) (Morton 1980; Haas and McPhail 1991).
Branchiostegal counts could be used to identify bull trout and Dolly
Varden with 90% accuracy without killing the fish (Morton 1980).

Brook trout
Brook trout prefer cool, well oxygenated, spring fed streams,
and oligotrophic or mesotrophic lakes where plenty of oxygen is
present in the cold waters of the thermocline and hypolimnion
during summer thermal stratification. Brook trout prefer tempera-
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tures less than 19°C (68°F), have an optimum temperature range
of 13–16°C (55–61°F) and upper lethal temperature of 25°C (77.5°F)
(Clark 1969). At a temperature of 13°C (55.4°F), brook trout consumed 50% of their body weight in minnows every week (Baldwin
1957). At temperatures of 9°C (48.2°F) and 17°C (62.6°F) consumption rate was lower (Baldwin 1957).
Brook trout are usually restricted to freshwater, but anadromous populations are known from tributaries of the Hudson Bay
and Ungava Bay regions on the Arctic and north Atlantic coasts
of Canada (Smith and Saunders 1958; Scott and Crossman 1973;
Castonguay et al. 1982). Both in season and repeat homing have
been documented for brook trout (O’Connor and Power 1973;
Castonguay et al. 1982). Of 283 brook trout given different fin clips
in two tributaries of Matamok Lake, Quebec, in 1971, 88 were recovered in the same tributary the following year. Of 450 tagged
and displaced from the same tributaries into the lake in 1972, 198
returned to the same tributary and 1 strayed into the opposite tributary in 1972. Natal homing of brook trout has also been reported
for brook trout populations on the east coast in rivers (Baril and
Magnan 2002; Bernier-Bourgett and Magnan 2002).
Brook trout can artificially hybridize with brown trout to produce an attractive but infertile offspring called the tiger trout (Buss
and Wright 1956; Scott and Crossman 1973; Becker 1983). The two
species also readily hybridized in nature where they occurred in
sympatry in Montana (Brown 1966) and Minnesota (Waters 1983;
Sorenson et al. 1995).
Brook trout can also be crossed with lake trout to produce a fertile hybrid called “splake” (Berst et al. 1980). In the western United
States, non-indigenous brook trout may also hybridize with native
bull trout (Leary et al. 1993). Introgression of brook trout genes into
bull trout genomes may occur as result of this type of interaction.
From 1907 to 1922, the WDFW stocked 27,733,204 brook trout
at 450 locations in 20 eastern Washington counties. Numbers
of brook trout stocked in each county during this period were:
Adams (744,655 at 7 sites), Asotin (498,000 at 8 sites), Benton
(30,000 at 1 site), Chelan (750,900 at 30 sites), Columbia (723,100 at
9 sites), Douglas (555,300 at 7 sites), Franklin (0 at 0 sites), Garfield
(804,005 at 5 sites), Grant (782,000 at 7 sites), Kittitas (2,588,000
at 43 sites), Klickitat (606,315 at 8 sites), Lincoln (1,267,200 at 8
sites), Okanogan (2,041,928 at 55 sites), Pend Oreille (4,374,200
at 71 sites), Skamania (215,800 at 16 sites), Spokane (2,315,206 at
27 sites), Stevens (6,432,100 at 81 sites), Walla Walla (651,894 at
11 sites), Whitman (321,200 at 8 sites), and Yakima (1,168,200 at
10 sites). From 1933 to 2004, the WDFW stocked 64,987,825 brook
trout into 21 counties. Numbers of brook stocked by county were:
Adams (245,265), Asotin (0), Benton (2,090), Chelan (3,112,699),
Columbia (143,303), Douglas (404,203), Ferry (9,512,834), Franklin
(12,505), Garfield (15,997), Grant (1,040,063), Kittitas (5,119,728),
Klickitat (864,367), Lincoln (667,983), Okanogan (19,177,731), Pend
Oreille (10,433,126), Skamania (4,736,740), Spokane (2,854,868),
Stevens (1,315,967), Walla Walla (23,985), Whitman (252,310), and
Yakima (5,052,061).

Lake trout
Lake trout prefer cold ≤10°C (50–53°F), well oxygenated water
(Dillon et al. 2003) and seldom remain in water where temperature
exceeds 15–18°C (60–65°F). This influences their depth distribution. In cold, northern latitudes (50–60°N) lakes, with summer

1174

surface temperatures <15–18°C (60–65°F), they are distributed at
all depths (Rawson 1959; McAfee 1966). In southern latitude lakes
(<50°N), where summer surface temperature is usually >15–18°C
(60–65°F), lake trout typically occupy the hypolimnion or thermocline during the summer months and migrate into shallow
water only when the surface temperature drops below 13°C (55°F)
(McAfee 1966).
Lake trout are usually found in oligotrophic or mesotrophic lakes
where dissolved oxygen levels in the hypolimnion and thermocline
are usually above 4–6 mg/L during the peak of the growing season.
They rarely occur in eutrophic lakes where hypolimnetic oxygen
depletion reduces oxygen levels in the hypolimnion or thermocline
below 4 mg/L during the growing season.
Lake trout have a reputation of being a deepwater fish. They have
been found at depths of 396 m (1,300 ft) in Lake Tahoe, California.
In cold mountain lakes, such as Bead Lake, Pend Oreille County,
that have a shallow thermocline, lake trout can occur closer to the
surface. At Bead Lake the epilimnion was only about 4 m deep
and the thermocline extended from about 4–10 m depth. During
the summer lake trout were collected at depths ≥6.5–36.5 m (21–
120 ft), where water temperature was ≤55°F (Rader 2006).
Lake trout are intolerant of saltwater. The upper limit of their salinity tolerance was 11–13 ⁰∕₀₀ about one third of the salt content of
seawater (Boulva and Simard 1968). Its inability to migrate through
marine waters has restricted distribution of the lake trout to North
America (Behnke 2002).
Lake trout in the Great Lakes are highly mobile (Eschmeyer
et al. 1953; Raher 1968; Kapuscinski et al. 2005) but usually exhibit strong spawning site fidelity during reproductive migrations
(Martin 1960; Eschmeyer 1955, 1965; Swanson 1973; Horrall 1981;
Kruger et al. 1986; Ebner 1990). In one study conducted in Lake
Superior, lake trout tagged on their spawning ground, were recovered a mean (range) distance of about 40–80 km (0–408 km) away
after the spawning season. One lake trout tagged on its spawning
grounds in Lake Superior off Keweenaw Point (on Michigan’s upper peninsula), traveled a distance of 307 km and returned to the
same spawning grounds the following year (Eschmeyer 1953).
Eschmeyer et al. (1953) concluded that sexually mature iteroparous lake trout in Lake Superior homed to the same location each spawning season but McCrammon (1958) found no
evidence of homing in Lake Simcoe, Ontario. Native adult lake
trout repeatedly homed back to a specific spawning reef in the
Apostle Islands, along the Wisconsin shoreline of Lake Superior
(Swanson 1973). Several spawning reefs had been mapped in this
vicinity. Wild adult spawners on one of these reefs (Gull Island
Shoal) were tagged during one spawning season and subsequently
recovered there during successive spawning seasons. During recovery operations many of the known spawning reefs, including
all those near Gull Island Shoal, were monitored (Swanson 1973).
A total of 8.6% of the tagged fish were subsequently recovered. Of
these, 98.6% were recovered on Gull Island Shoal (Swanson 1973).
However hatchery fish stocked on Gull Island Shoal did not home
to it very well, only 58.6% of hatchery tags recovered were from
Gull Island Shoal.
Important commercial fisheries for lake trout were developed
in the Great Lakes and large lakes in the Ontario, Manitoba,
Saskatchewan and the Northwest Territories. Overharvest, pollution (DDT and PCB), and especially introduction of exotic species
have contributed to the decline of these fishes.
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Introduction of the Atlantic sea lamprey Petromyzon marinus
into the Great Lakes in the 1930s nearly extirpated native lake
trout. A predator control program was initiated by the USFWS in
the mid-1950s, which employed a toxin (trifluoromethane or TFM)
that acted as a specific lampricide. The TFM was metered into Great
Lakes tributary streams, killing the ammocoetes larvae before they
emigrated into the lakes, which successfully controlled adult lamprey populations. Extensive efforts were then undertaken in the
mid-1950s to restore lake trout. However, intensive stocking of
hatchery raised lake trout (mainly to advanced fry or fingerling
life stages) along the shoreline of the lake over several decades
(1955–1980) failed to restore self-sustaining natural reproduction
(Horrall 1981).
Horrall (1981) noted that lake trout usually moved off natal
reefs soon after swimming up to inflate their swim bladders and
suggested that if lake trout form an imprint to their natal site like
other salmonids they must do so by the swimup stage. Horrall (1981)
further reported that histological examination of the lake trout olfactory sense indicated that it was functional by the swimup stage.
He suggested that past stocking efforts had failed because the fish
had passed through the critical period for imprinting while still in
the hatchery. Another possibility for failure of the early plants was
that the fish were stocked during an imprintable period, but at an
inappropriate location for fry survival. Horrall (1981) reasoned that
agencies attempting to restore lake trout should focus their stocking
efforts on unoccupied spawning grounds that were once traditional,
productive ones. He identified historic spawning areas by examining
catch records and obtaining information from commercial fishermen. Many locations were offshore, deepwater reefs, so he suggested
that eggs or alevins should be seeded on the reef by SCUBA divers
before imprinting occurred.
Foster (1985) noted that chemosensory cues emanating from reef
substrates previously occupied by early life stages of lake trout were

attractive to adult lake trout, whereas adults were not attracted to reef
substrate that were not occupied by juvenile lake trout. He believed
that it was possible residual young-of-the-year by-products (e.g.
urinary wastes) left in the substrate might act as chemoattractants
that cause adults to aggregate and spawn over such sites in the wild.
Swanson (1982) described how he used artificial turf for incubating
lake trout eggs on reefs in Lake Superior, in an attempt to imprint eggs
or sac fry to those reefs.
For the past 20 years, Great Lake fisheries scientists have incorporated these ideas into their stocking strategies. Eggs or sac
fry have been seeded onto spawning grounds by placing them
in ‘Astroturf sandwiches’ anchored above a reef, placing them in
screened buckets filled with cobble on the surface of a reef, or flushing them through a hose directly onto reef surfaces (Eshenroder et
al. 1995; Gunn 1995; Hansen et al. 1995; Marsden et al. 1995; Negus
1998). In contrast to the early failures, some of these more recent
stocking efforts appear to have successfully restored or partially restored natural spawning populations (Marsden and Kruger 1991;
Johnson and VanAmberg 1995; Marsden and Janssen 1997; Negus
1998).
Non-indigenous lake trout have been implicated in the demise of
indigenous salmonids in western lakes where they were introduced
(Fuller et al. 1999). For example, at Horseshoe Lake, Pend Oreille
County, their introduction in the 1980s may have been responsible
for the extirpation of pygmy whitefish, which has been classified as
a state sensitive species (Mongillo and Hallock 1998). At Lake Pend
Oreille, Idaho they have been implicated in the decline of native bull
trout. At Yellowstone Lake, Montana, non-indigenous Lake trout
are thought to be largely responsible for recent declines in native
Yellowstone cutthroat. Consequently, many state fisheries agencies
now are trying to get rid of lake trout in western waters by efforts
such as experimental gill netting and liberalizing fishing regulations
for them.

KEY TO FAMILY SALMONIDAE (SUBFAMILY SALMONINAE)
General Sub-Family Characters
Confirm the specimen has these characters before keying to species.
1.

Adipose fin present.

2.

Axillary process present at front base of pelvic fins.

3.

Small scalse (>100 in lateral line row).

4.

Mouth terminal.

5.

Teeth present on maxillary, dentary and usually on
tongue and vomer.

6.

Maxillaries reaching past center of eye.

7.

Pelvic fins abdominal (underneath dorsel fin).

Dichotomous Key to the Species of the Salmoninae of Eastern Washington
See couplets on pages 1012-1018.

A. T. Scholz
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YELLOWSTONE CUTTHROAT TROUT
Oncorhynchus clarkii var. bouvieri (Bendire 1882)
Primary Identification

Confirming characters

1.

Adipose fin present.

1.

2.

Axillary process at front of pelvic fin.

3.

Anal fin ≤12 rays.

Outline of spots rounded or oval. Few spots above and
below lateral line in front of dorsal fin, becoming larger
and more numerous in caudal peduncle region. Dorsal,
adipose, and caudal fins spotted. Spots absent on head,
pelvic and anal fins.

4.

Interior of mouth white.

2.

5.

Red or orange slash marks present in membranous
folds under lower jaw.

Gill rakers 17–23 (usually 20–22) on first gill arch.
Posterior gill rakers on first gill arch 5–15 compound to
0–3 for other subspecies.

6.

Basibranchial teeth present on hyoid bone (on floor
of pharynx, underneath and behind the tongue and
between the gill arches).

3.

Pyloric caeca 25–50 (usually 35–43).

4.

Lateral Line scales 150–200 (usually 165–180).

7.

Two rows of prominent teeth of tongue.

Figure 16.11

Yellowstone cutthroat trout, Big Fork State Fish Hatchery, MT.

Similar species
1.

Etymology

Other subspecies of cutthroat trout (coastal, westslope,
Lahontan) differentiated by spot pattern. Coastal cutthroat have many irregularly shaped large spots over
entire body above and below the lateral line, including
the head. Lahontan cutthroat have the fewest and smallest spots distributed over the entire body, including the
head. Westslope cutthroat spots have spots most similar
to Yellowstone cutthroat, except they generally have
no spots present below the lateral line in front of the
dorsal fin. Yellowstone cutthroat also typically have 20
or more basibranchial teeth whereas other subspecies of
cutthroat have 5–20.

2.

Rainbow trout usually lack red or orange cutthroat
marks below the jaw and basibranchial teeth. Vestigial
cutthroat marks and basibranchial teeth may be present
on the interior redband variety of rainbow trout.

3.

Golden trout have more scales in the lateral line row
(170–210) usually >200.
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Oncorhynchus: (G.) Onco- = hooked, -rhynchus = snout: hooked
snout. A reference to the spawning kype that develops on the jaw
of males as a secondary sex character in this species.
clarkii: Named to honor Captain William Clark, one of the coleaders of the Lewis and Clark expedition, who first reported the
species in a journal entry dated 13 June, 1805.
bouvieri: Named to honor Captain Bouvier, United States Army.

Pronunciation
Oncorhynchus - On-co-rhyn-chus (On-cō-rhyn-kus)
clarkii - clark-ii (clark-i)
bouvieri - bou-vi-er-i

Common Name(s)
Cutthroat trout (AFS name), Yellowstone cutthroat trout, Montana
blackspotted trout, Waha Lake trout.
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Systematic Notes
First described by Bendire (1882: 82) in Jordan and Gilbert (1883)
from a specimen in Waha Lake, Idaho as Salmo pupuratus bouvieri. This name was adopted by Jordan and Gilbert (1883). Later
it was called Salmo clarkii bouvieri or Salmo clarki bouvieri by
a number of authors. Jordan and Evermann (1896–1900: 496)
called it Salmo mykiss bouvieri (Bendire), which was confusing because Salmo mykiss was the name originally used to describe the rainbow trout of Kamchatka. After Jordan realized
his mistake he began calling cutthroat trout Salmo clarki and
the Yellowstone variant Salmo clarki bouvieri. Jordan, Evermann
and Clark (1930) elevated the subspecies to full species, calling it
Salmo bouvieri (Bendire), but this designation was not generally
accepted by other members of the scientific community. From
about 1930–1965 many authors also called Yellowstone cutthroat
trout collected in Yellowstone Lake, Wyoming or Henry’s Lake,
Idaho Salmo lewisi, Salmo clarkii lewisi or Salmo clarki lewisi.
This created confusion because a different subspecies of cutthroat
trout, the westslope cutthroat trout, was called Salmo clarkii lewisi. These authors tended to group both westslope cutthroat and
Yellowstone cutthroat under the same subspecies epithet lewisi
and called them by common names Yellowstone cutthroat trout,
westslope cutthroat trout or Montana blackspotted trout. For example Dymond (1931), Schultz and Hanson (1935), Schultz and
DeLacy (1935/1936), Schultz (1936, 1941), Qadri (1959), and Scott
and Crossman (1973) recognized two forms of cutthroat trout:
Salmo clarkii clarki, distributed along the coast, and Salmo clarkii
lewisi, distributed in the interior. The lewisi form occurred in the
Columbia and upper Missouri system and in the Yellowstone system. Thus, these authors did not differentiate between Yellowstone
cutthroat trout and westslope cutthroat trout.
Millions of eggs collected from Yellowstone cutthroat trout
in tributaries of Yellowstone Lake, Wyoming and Henry’s Lake,
Idaho were raised at United States Fish Commission/Bureau of
Fisheries Hatcheries at Yellowstone National Park or in Bozeman,
Montana and distributed throughout the United States. These fish
were designated S. clarkii lewisi and called Montana blackspotted
trout. Today they would be called Oncorhynchus clarkii bouvieri.
Shipments of Yellowstone cutthroat trout eggs were received in a
satellite facility operated by the U.S. Bureau of Fisheries in Spokane,
Washington and distributed throughout eastern Washington and
north Idaho by the Washington Department of Game and Idaho
Department of Fish and Game.
The current name for Yellowstone cutthroat trout is
Oncorhynchus clarkii bouvieri (Bendire, 1882). The generic name
was switched from Salmo to Oncorhynchus because cladistic analysis by Smith and Stearly (1989) and Stearly and Smith (1993) revealed that the Pacific trout (cutthroat and rainbow trout) which
were formerly classified in the genus Salmo along with Atlantic
salmon and trout because they shared some characters with
them (e.g., white mouths, square anal wins with ≤12 rays) actually had more characters in common with Pacific salmon (genus
Oncorhynchus) than Atlantic salmon and trout.

Scientific Synonyms
Salmo clarkii Original description.
Richardson (1836: 225).

Salmo pupuratus var. bouvieri new variety
(Yellowstone cutthroat trout)
Bendire (1882: 86).

Salmo clarkii (Richardson)

Henshall (1906: 4, 7); Baxter and Simon (1970: 34).

Salmo clarki

Brown(1971: 53) ~ Montana.

Salmo clarkii lewisi (Girard)

Jordan and Evermann (1898: 2,819); Fowler (1911: 553); Simon
(1946: 35); La Rivers (1962: 295).

Salmo clarki lewisi (Girard)

Simon and Simon (1939: 48); Beckman (1953: 18) ~ note planting of Yellowstone cutthroat by State of Colorado Fish and
Game Department; Shapovalov, Dill and Cordone (1959: 175) ~
egg shipments received in California from Yellowstone Lake;
Cope (1957: 74).

Salmo clarkii lewisi (Girard)

Hubbs and Lagler (1947: 37, 1958: 47) ~ introduced in Michigan.

Salmo clarki lewisi

Gill in Goode (1888: lii); Minckley (1973: 71).

Salmo purpuratus var. bouvieri Bendire
Jordan and Gilbert (1883: 314).

Salmo bouvieri (Bendire)

Jordan, Evermann and Clark (1930: 56); Schultz (1942: 16).

Salmo clarkii bouvieri

Gill in Goode (1888: lii).

Salmo clarki bouvieri
Smith (1984: 88).

Oncorhynchus clarki bouvieri

Sublette et al. (1990: 53); Baxter and Stone (1995: 164); Holton
and Johnson (1996: 62); Behnke (1992: 88, 2002: 163); Nelson
and Paetz (1992: 262) ~ introduced to Alberta.

Salmo mykiss (Walbaum)

Jordan (1891a: 50) ~ Yellowstone National Park, WY; Evermann
(1893: 481); Eigenmann (1895: 115).

Salmo mykiss bouvieri (Bendire)

Jordan and Evermann (1896–1900: 496).

Oncorhynchus clarkii var. bouvieri (Bendire, 1882)
Scholz and McLellan (2009: 169, 2010: 421).

Distribution and Stock Status
Yellowstone cutthroat trout were indigenous to the Yellowstone
River drainage of Montana and Wyoming and to the Upper
Snake River drainage in Wyoming, and Idaho. Yellowstone
Lake, Wyoming and Henry’s Lake, Idaho were in about the geographic center of their range. The subspecies became geographically isolated during deglaciation about 6,000–10,000 years ago.
Historically, Yellowstone cutthroat occupied approximately 44,500
hectares of lakes and 24,000 km of streams. In 1988, it was esti-
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mated that the Yellowstone subspecies still existed in genetically
pure form in 38,500 hectares of lakes (About 85% of its original
range) but only 2,400 km of streams (about 10% of its original
range) (Varley and Gresswell 1988). More recently, it was estimated
that Yellowstone cutthroat historically occupied 17,721 miles (28,354
km) of stream and 61–118 lakes (that totaled 124,716 surface acres)
(May et al. 2007). In 2007, Yellowstone cutthroat were compressed
into 7,527 miles (12,043 km) of streams (about 43% of its original
range) and expanded into 205 lakes (no estimate of surface area
available) (May et al. 2007).
Two Ocean Pass between Yellowstone and Grand Tieton
National Parks connects the Yellowstone River to the Snake River.
A marshy pond (Two Ocean Lake) is located at this divide at an
elevation of 8,200 above sea level. The lake has two outlets Pacific
Creek, which is a headwater tributary of the Snake River, and
Atlantic Creek, which drains into the Yellowstone River. Evermann
(1892: 29–34) found the Yellowstone subspecies of cutthroat trout
in both Atlantic and Pacific Creeks. Their numbers in both creeks
were described as “abundant” and they were “in such positions as
would have permitted them to pass easily from one side of the divide to the other… It is certain that there is no obstruction, even in
dry weather, to prevent the passage of trout from the Snake River to
Yellowstone Lake; it is quite evident that trout do pass over in this
way; and it is almost certain that Yellowstone Lake was stocked with
trout from the west via Two Ocean Pass.”
Yellowstone cutthroat trout are believed to be the original species that occupied the Snake River because of their presence in
head waters of the Snake River such as Henry’s Lake, Idaho and in
Waha Lake, an isolated lake in the Clearwater River drainage that
joins the lower Snake River (Behnke 1979, 1992)
However, their present distribution is confined above Shoshone
Falls because they were replaced by rainbow trout where the two
species came into contact below Shoshone Falls, and by westslope
cutthroat trout in the Clearwater and Salmon drainages in central
Idaho. It is thought that westslope cutthroat obtained access to the
Clearwater and Salmon rivers, tributaries of the Snake River, when
they were carried downstream from the upper Columbia Basin by
glacial outburst floods from Glacial Lake Missoula. These waters
traveled through the Palouse tract of the Channeled scablands in
eastern Washington and cut the present channel that causes the
Palouse River to flow over Palouse Falls into the Snake River.
The Yellowstone cutthroat trout native to Waha Lake is now extinct (Behnke 1992). Behnke (1979, 1992) examined the Waha Lake
cutthroat (Salmo bouvieri) in the California Academy Sciences
Fish collection (CAS # 28359, specimens numbers 3560, 3562, 3563,
3564, and 3565) and determined that they were the Yellowstone cutthroat trout subspecies (Oncorhynchus clarkii bouvieri).
Some factors that have contributed to the decline of indigenous
populations of Yellowstone cutthroat in their native range include:
1.

Construction of irrigation diversion dams which
blocked some runs and inundated habitat, converting
cold, free flowing gravel bottomed rivers into warm,
stagnant, weed choked reservoirs, with silt or sand
substrate.

2.

Large numbers of cutthroat trout entered unscreened
irrigation diversion ditches and essentially became
fertilizer to grow crops.
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3.

Intensive live stock grazing that damaged riparian
corridors. In particular, shading by riparian trees and
shrubs was reduced causing stream temperatures to
increase. Also, stream bank erosion increased the
amount of fine sediments that entered the river. Fine
sediments fill the interstices of spawning gravel and
cut off the supply of water (and hence oxygen) percolating through egg pockets of redds.

4.

Introduction of non-indigenous rainbow trout that
competed (Griffith 1988) or hybridized (Krueger and
May 1991) with Yellowstone cutthroat trout, caused
many local extinctions of Yellowstone cutthroat.

5.

Introduction of nonindigenous brook trout which
competed with and replaced native Yellowstone cutthroat (Griffith 1972; Hickerman and Duff 1978).

6.

Introduction of nonindigenous lake trout into
Yellowstone Lake that have been documented to prey
on Yellowstone cutthroat trout.

7.

Over exploitation by anglers (Thurow et al. 1988).

8.

“Mining” of Yellowstone cutthroat eggs to provide
eggs for hatcheries. Many of the offspring produced
were not stocked back to the location from whence
the eggs were obtained. Rather, they were distributed
around the country.

From May to July, mature Yellowstone cutthroat ascended 68 of
the 124 tributaries of Yellowstone Lake (Ball 1955; Cope 1956, 1957;
Gresswell and Vraley 1988). The habitat surrounding Yellowstone
Lake has remained relatively pristine, it being Yellowstone National
Park. However, spawn taking operations, commercial fishing, sport
fishing and introduction of lake trout into the lake have combined
to reduce the Yellowstone Lake population.
From 1899 to 1957, more than 818 million eggs were “mined”
from cutthroat trout that spawned in tributaries of Yellowstone
Lake (Varley 1979, 1981). Migration traps were installed on 14 of
the largest tributaries of the lake to collected adfluvial fish on their
spawning run. Eggs were incubated and reared at a permanent
hatchery constructed in the National Park at Lake Village. Eggs or
fry were shipped around the United States and around the world.
Although many of the resulting fry were stocked back into the tributary that originally supplied the eggs, apparently, they were not
stocked in sufficient quantities to replace what was taken because
the numbers of adult spawners returning to these tributaries declined over time. A record of the egg shipments of Yellowstone cutthroat from the hatchery of Yellowstone National Park to various
locations throughout the United States and world was compiled by
Varley (1979). A total of 6,176,588 Yellowstone eggs were shipped
to eastern Washington and 4,704,390 were shipped to hatcheries
in the Idaho panhandle between 1914 and 1951 (Varley 1979). Egg
shipments sent to eastern Washington included:
1.

Chelan County Game Commission Chelan State Fish
Hatchery, Chelan County (700,208 eggs in 1930, 1932,
1936 1938 and 1941);
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2.

Leavenworth National Fish Hatchery, Chelan County
(500,521 eggs in 1951);

2.

Federal Fish Hatchery in Mullan, Idaho (250,382 eggs
in 1939 and 1945); and

3.

Ferry County Game Commission, Ferry County
(200,000 eggs in 1931 and 1932);

3.

4.

Sanpoil Hatchery, Ferry County (100,000 eggs in
1930);

State Fish Hatchery in Sandpoint, Idaho (2,953,808
eggs in 1914, 1934, 1935, 1938, 1938, 1939, 1946, 1949,
and 1951).

5.

Grant County Game Commission in Ephrata,
Washington, Grant County (50,200 eggs in 1938);

6.

Kittitas County Game Commission in Cle Elum,
Washington, Kittitas County (375,000 eggs in 1916,
1917, 1930, 1932, 1935);

7.

Klickitat County Game Commission in White
Salmon, Washington, Kittitas County (100,000 eggs
in 1932);

8.

Okanogan County Game Commission in Pateros,
Washington, Methow Hatchery, Okanogan County
(200,000 eggs in 1930 and 1932);

9.

Pend Oreille County Game Commission in Newport,
Washington, Pend Oreille County (100,000 eggs in
1931);

10. Pend Oreille County Game Commission, State Fish
Hatchery near Usk, Washington (400,100 eggs in
1932,, 1935, 1936, and 1938);
11.

Skamania County Game Commission, Skamania
County (100,000 eggs in 1930);

12. Spokane State Fish Hatchery, Spokane County
(1,150,000 eggs in 1929, 1930, 1931, 1932, 1935, and
1936);
13. Spokane Federal Hatchery, Spokane County (550,000
eggs in 1936 and 1938);
14. Stevens County Game Commission, Colville State
Fish Hatchery, Stevens County (500,000 eggs in 1917,
1921, 1931, 1932, 1936, and 1938);
15. Walla Walla State Fish Hatchery, Walla Walla,
Washington, Walla Walla County (350,000 eggs in
1914 and 1930); and
16. Yakima County Game Commission, Yakima County
(800,129 eggs in 1930, 1932, 1938 and 1950)
Egg shipments sent to north Idaho, included:
1.

Idaho State Fish Hatchery and United States Forest
Service, in Coeur d’Alene, Idaho (1,500,000 eggs in
1930, 1932, 1933, 1934, 1935, 1936 and 1946);

In addition to these plants, several earlier plants of Montana
black spotted trout were made in eastern Washington counties
between 1900 and 1923. Most of these fish came from Bozeman
National Fish hatchery in Montana. Bozeman’s Montana black spotted trout were mostly Yellowstone cutthroat trout collected from
Henry’s Lake, Idaho, tributaries of Yellowstone Lake, and other
nearby locations. Plants during this period totaled 3,000 at one location in Adams County, 20,000 at one location in Asotin County, 0
in Benton county, 17,500 at three locations in Chelan County,7,000
at one location in Columbia County, 0 in Douglas County, 199,250 at
eight locations in Ferry County, 0 in Garfield County, 10,000 at one
location in Grant County, 458,060 at 19 locations in Kittitas County,
0 in Klickitat County, 10,800 at four locations in Lincoln County,
194,950 at five locations in Okanogan County, 143,675 at 12 locations
in Pend Oreille County, 386,350 at 15 locations in Skamania County,
582,999 at 18 locations in Spokane County, 307,925 at 15 locations
in Stevens County, 70,000 at two locations in Walla Walla County,
67,221 at four locations in Whitman County, and 255,000 at eight
locations in Yakima County.
In 1935, 50,000 Yellowstone cutthroat trout (called black spotted trout) eggs were transported to a federal station in Spokane,
Washington and raised to fingerling size. During the residence at
the Spokane station they were fed a yummy diet composed of seal
meat and a cereal mash that contained 25% salmon meal and 25%
fluky beef liver. They were distributed as follows in 1936: 21,750
were planted in Pend Oreille Lake Idaho by the Idaho Department
of Fish and Game. (IDFG), 10,750 were planted in Sullivan Lake,
Pend Oreille County by the Washington Department of Game
(WDG) and 10,000 were planted into Dragoon Creek, tributary
of the Little Spokane River, Spokane County by WDG (Johnson
and Kemmerich 1936). In 1936, 50,000 black spotted trout were
shipped from Yellowstone National Park to the federal station at
Spokane. In 1937, WDG distributed 15,000 fingerlings into Deep
Lake, Stevens County and 3,500 into Ferry Lake, Ferry County
and IDFG distributed 3,500 into Pend Oreille Lake and 15,000
into Hawkins Creek.
Because Yellowstone cutthroat trout were stocked in tributaries that already contained native populations of westslope cutthroat trout in the Pend Oreille Basin of Washington, the cutthroat
trout in eight tributaries of the Pend Oreille River: Cedar, LeClerc,
East Branch, LeClerc (West branch) Middle, Mill (Lower), Mill
(Upper), Slate, Sullivan (upper) and Sullivan (North Fork) - were
examined to determine the extent to which Yellowstone cutthroat
genes were introgressed into the population (Young et al. 2004).
Although some evidence of limited introgression was found, high
levels of allelic variation, including some examples of unique alleles, were observed among all these populations. Moreover,
this allelic variation was in Hardy Weinberg equilibrium in each
stream. In one stream (Mill Creek) introgression was observed
below a barrier fall but not above it. Overall, this study showed
that the westslope cutthroat in the Pend Oreille basin were genetically relatively pure with minimal amounts of introgression from
Yellowstone cutthroat.
A. T. Scholz
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Populations of cutthroat trout in the Yakima, Wenatchee, Entiat,
Lake Chelan, Methow, Sanpoil, Kettle and Pend Oreille Basins in eastern
Washington were examined for the purpose of constructing a genotypic
and phenotypic catalog to differentiate redband trout, cutthroat trout
and their hybrids (Trotter 1999, 2001a, 2001b). This investigation also
found little evidence of hybridization between Yellowstone cutthroat
and Westslope cutthroat except in Mill Creek below the barrier falls.
Yellowstone cutthroat trout may not have performed very well
in eastern Washington because they had an adfluvial life history

in Yellowstone Lake, WY and Henry’s Lake, ID. When they were
transferred to Washington they would have had to compete with
resident and fluvial westslope cutthroat trout or rainbow trout. It is
probable that Yellowstone cutthroat trout were not able to compete
with the indigenous trout and simply migrated out of the tributaries which they were stocked before they reached sexual maturity.
They probably migrated to the nearest available lakes and did not
make the return migration to the tributary because they were not
imprinted to it.
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Subfamily Salmoninae

COASTAL CUTTHROAT TROUT

Oncorhynchus clarkii var. clarkii (Richardson, 1836)
Primary Identification

Confirming characters

1.

Adipose fin present.

1.

2.

Axillary process at front of pelvic fins.

3.

Anal fin ≤12 rays.

Profusion of large irregularly shaped spots on head,
back and sides of body above and below the lateral line.
Spots present on dorsal, adipose and caudal fins. A few
spots are also usually present on the anal fin.

4.

Interior of mouth white.

2.

Gill rakers 15–21 (usually 17–19).

5.

Red or orange slash marks present in membranous
folds under lower jaw.

3.

Pyloric caeca 25–55 (usually 30–40).

4.

6.

Two rows of prominent teeth on tongue. Hyoid (basibranchial) tooth present under tongue.

Lateral line 125–180 (usually 155–160 in sea run coastal
cutthroat trout).

Figure 16.13

Coastal cutthroat trout, Cowlitz River, Cowlitz County, WA. This fish was hatchery raised because its adipose fin was
clipped off.

clarkii: Named to honor Captain William Clark, co-leader of the
Lewis and Clark expedition, who first reported the species in a
journal entry dated June 13, 1805.

Similar species
1.

2.

3.

Other subspecies of cutthroat trout (westslope,
Yellowstone, Lahontan). All of these subspecies are not
so heavily spotted as the coastal cutthroat, especially in
front of the dorsal fin below the lateral line.

clarkii: Ibid.

Pronunciation

Rainbow trout usually lack the red or orange cutthroat
marks and basibranchial teeth. Vestigial cutthroat
marks and basibranchial teeth may be present on the
interior (redband) variety.

Oncorhynchus - On-co-rhyn-chus (On-cō-rhyn-kus)
clarkii - clark-ii (clark-i)
clarkii - clark-ii (clark-i)

Golden trout have more scales in the lateral line row
(170–210, usually <200).

Common Name(s)

Etymology
Oncorhynchus: (G.) Onco- = hooked, -rhynchus = snout: hooked
snout. A reference to the spawning kype that develops on the jaw
of males as a secondary sex character in this species.

Cutthroat trout (AFS name). Coastal cutthroat trout. Sea-run cutthroat trout (Anadromous form), speckled trout (stream- resident
form), silver trout of Crescent Lake, Washington.

A. T. Scholz
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Systematic Notes

Scientific Synonyms

First described by Sir John Richardson (1836: 225) as Salmo clarkii
from a tributary of the lower Columbia River. Later referred to as
the coastal variety or subspecies called Salmo clarkii clarkii or Salmo
clarki clarki by a number of authors. Cutthroat trout were widely
distributed from the eastern slopes of the Rocky Mountains to the
Pacific Coast, in the upper Missouri, Platte, Arkansas, Rio Grande,
Columbia, Snake, Lahontan and Colorado basins. Cutthroat trout
in each basin were characterized by variation in color pattern, morphological, morphometric and meristic characters. Early taxonomists were confused by this variation and described populations
from each major river system as separate species and gave each its
own scientific and common names. Since 1948 the AFS/AIHS Joint
Committee on Names of Fishes recognized most of these varied
forms as a single species, Salmo clarki Richardson (Chute et al.
1948; Bailey et al. 1960; Robins et al. 1980), later Oncorhynchus clarki
(Richardson) (Robins et al. 1991), and most recently Oncorhynchus
clarkii (Richardson, 1836) (Nelson et al. 2004).
Salmo purpuratus, Salmo brevicauda and Salmo mykiss were
also used by various authors as synonyms for cutthroat trout for
a time. David Starr Jordan called cutthroat trout Salmo mykiss
(Jordan and Evermann 1896). It is important to realize that when
Jordan was talking about Salmo mykiss that he was discussing cutthroat trout and not rainbow trout. (Oncorhynchus mykiss is the
correct scientific name for rainbow trout.)
The coastal cutthroat trout from Lake Crescent, Washington
was first described as Salmo crescentis by Jordan and Beardslee
(1896: 57). Schultz (1931, 1936) placed their name in synonymy with
that of coastal cutthroat trout Salmo clarki clarki.
The generic name of cutthroat trout and rainbow trout was
originally placed in Salmo, the same genus as Atlantic salmon and
brown trout because (like Atlantic Salmon and brown trout) Pacific
trout have white mouths, 12 or fewer anal fin rays(their anal fins are
square) and males develop a spawning kype on the lower jaw as do
Atlantic salmon and trout. In contrast, Pacific salmon have black
pigment in the mouth, 13 or more anal fin rays (their fins are rectangular), and males develop spawning kypes on their upper jaw.
Regan (1914) after examining the skeletons of Pacific salmon and
trout and Atlantic salmon and trout thought that Pacific salmon
and trout represented one natural group and Atlantic salmon and
trout another. Vladykov (1963) proposed that Pacific trouts be
placed in a new subgenus of Salmo called (Parasalmo). However
based on cladistic analysis of 119 morphological characters Smith
and Stearly (1989) showed that cutthroat trout and rainbow trout
had more characters in common with Pacific salmon than they did
with Atlantic salmon and trout , so they recommended that both
cutthroat trout and rainbow trout be placed in genus Oncorhynchus.
Moreover, molecular genetic data (Berg and Ferris 1984; Thomas et
al. 1986; Grewe et al. 1990) strongly supported their view; so the
generic name of both cutthroat and rainbow trout was switched
to indicate their evolutionary relationship to Pacific salmon rather
than Atlantic salmon and trout.
Stearly and Smith’s (1993) cladistic analysis also revealed that
although cutthroat trout O. clarkii and rainbow trout O. mykiss can
hybridize and form fertile offspring that can back cross with either parent, the closest sister group to rainbow trout is the Pacific
salmon, not cutthroat trout (i.e., “Pacific trouts are not a natural
group because they are paraphyletic in that the taxon formed does
not include all of its descendants” (Stearly and Smith 1993).

Salmo clarkii original description.
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Richardson (1836: 221).

Fario clarkii (Richardson)
Girard (1856: 219).

Salmo pupuratus (sp. nov.)
Pallus (1811: 374).

Salmo purpuratus Pallus

Günther (1884: 364); Bean (1884: 364); Jordan and Gilbert
(1881a: 39, 1881b: 460), 1883: 314); Cope (1883: 141).

Salmo brevicauda sp. nov.
Suckley (1861: 308).

Salmo brevicauda (Suckley)

Günther (1876: 129); Suckley (1874: 140).

Salmo stellatus (Girard)
Günther (1866: 117).

Salmo mykiss (Walbaum)

Gill in Goode (1888: lii); Eigenmann (1895: 115); Gilbert and
Evermann (1895: 50); Jordan and Starks (1895: 792); Jordan and
Evermann (1896–1900: 492).

Salmo clarkii (Richardson)

Jordan, Evermann and Clark (1930: 56).

Salmo clarkii clarkii (Richardson)

Dymond (1932c: 29, 1936: 62); Schultz (1929: 40; 1931: 15; 1936: 136;
1941: 18); Shapovalov et al. (1959: 117); Hubbs et al. (1979: 7).

Salmo clarki clarki (Richardson)

Jordan (1878: 77, 1893: 379); Carl and Clemons (1948: 42,
53), Clemons and Wilbey (1949: 89); Scott (1958: 6), Quadri
(1959: 903); Carl, Clemons and Lindsey (1950: 66); Hartt
(1973: 127); Scott and Crossman (1973: 178, 1998: 178).

Salmo clarki clarki (Richardson, 1836)
Clemons and Wilby (1961: 111).

Salmo clarki clarki

Schultz and Henson (1935: 9); Moyle (1976: 138); Smith
(1984: 80); Eschmeyer et al. (1983: 73); Lamb and Edgell
(1986: 38); McGinnis (1984: 129); Behnke (1979: 33).

Salmo mykiss clarkii (Richardson)

Jordan and Evermann (1896–1900: 492).

Salmo mykiss clarki (Richardson)
Jordan (1891: 14).

Salmo crescentis (sp. nov.)

Jordan and Beardslee (1896: 207).

Salmo crescentis (Jordan and Beardslee)

Jordan, Evermann and Clark (1930: 570).

Salmo clarkii crescentis (Jordan and Beardslee)

Schultz and DeLacy (1935/1936: 372), Schultz (1936: 36).

Oncorhynchus clarki (spp.)

Baxter and Stone (1995: 162).
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Oncorhynchus clarki clarki (Richardson)
Wydoski and Whitney (2003: 57).

Oncorhynchus (Rhabdofario) clarki (Richardson, 1936)
Mecklenburg et al. (2002: 203).

Oncorhynchus clarki clarki

Moyle (2002: 288); Behnke (1992: 61, 2002: 148).

Oncorhynchus clarkii clarkii (Richardson, 1836)
Scholz and McLellan (2009: 171, 2010: 423).

Distribution and Stock Status
Coastal cutthroat trout occur in coastal streams from northern California to southeastern Alaska. In Washington coastal cut-

throat occur in tributaries of Puget Sound, the Olympic Peninsula,
and lower Columbia River. In the Columbia Basin, their distribution was confined to below Bonneville Dam. Genetically discrete
stocks were found in the following Washington tributaries of the
Columbia River: Abernathy and Salmon Creeks and Elochoman,
Cowlitz, Coweeman, Toutle, Kalama, Lewis, and Washougal rivers
(Blakley et al. 2000). In the Columbia River, most coastal cutthroat
exhibit an anadromous life history and they are iteroparous (spawn
more than once). Tagging studies have revealed that coastal cutthroat from the Columbia River usually remain either in the estuary or in the ocean close to the mouth of the Columbia River
during their first migration to salt water (Wydoski and Whitney
2003). On subsequent migrations they move into the ocean, traveling from about 11–110 km (5–50 mi) off the coasts of Washington
and Oregon.
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LAHONTAN CUTTHROAT TROUT

Oncorhynchus clarkii var. henshawi (Gill and Jordan 1878)
Primary Identification

Confirming characters

1.

Adipose fin present.

1.

Rounded spots, sparsely distributed over entire body,
dorsal, adipose and caudal fins.

2.

Axillary process present at front of pelvic fin.

3.

Anal fin with ≤12 rays.

2.

Posterior edges of pelvic, anal and caudal fins white.

4.

Interior of mouth white.

3.

Gill rakers, 21–28, usually 23–25, the most of any
subspecies of cutthroat trout.

5.

Red or orange slash marks in membranous folds
under lower jaw.

4.

Pyloric caeca 40–75, usually 50–60, the most of any
subspecies of cutthroat trout.

6.

Basibranchial teeth present on hyoid bone (on floor
of pharynx between gill arches).

5.

Two rows of prominent teeth on the tongue.

6.

Spots present on top of head

Figure 16.15

Lahontan cutthroat trout. Lake Lenore, Grant County. Insets show white mouth and orange cutthroat mark.

Similar species
1.

2.

3.

Other subspecies of cutthroat trout (coastal, westslope, Yellowstone) usually have fewer gill rakers
(usually 17–21) and fewer pyloric caeca (usually
30–43) than Lahontan cutthroat trout.
Rainbow trout usually lack the red or orange cutthroat marks below the jaws and basibranchial teeth.
Vestigial cutthroat marks and basibranchial teeth
may be present on the redband variety.
Golden trout usually have more 170–210 (usually
>200) scales in the lateral line row.

clarkii: Named to honor Captain William Clark, co-leader of the
Lewis and Clark expedition, who first reported the species in a
journal entry dated June 13, 1805.
henshawi: Named to honor Henry W. Henshaw, naturalist with
the Geological survey west of the 100th meridian (Wheeler survey)
who discovered the subspecies.

Pronunciation
Oncorhynchus - On-co-rhyn-chus (On-cō-rhyn-kus)
clarkii - clark-ii (clark-i)
henshawi - hen-shaw-i

Etymology

Common Name(s)

Oncorhynchus: (G.) Onco- = hooked, -rhynchus = snout: hooked
snout. A reference to the spawning kype that develops on the jaw
of males as a secondary sex character in this species.

Cutthroat trout (AFS names). Lahontan cutthroat trout, silver
trout of Lake Tahoe, Black trout of Lake Tahoe, Tahoe cutthroat
trout, Lahontan black spotted trout, Pyramid lake trout, Truckee
River trout, Walker Lake Trout, Humboldt River trout, Black trout,
Silver trout, pogy (local anglers name in Lake Tahoe–Jordan and
Evermann 1896: 494).

1184

Fishes of Eastern Washington: A Natural History

Subfamily Salmoninae

Systematic notes
Lahontan cutthroat trout are characterized by having 21–28 gill rakers (usually 23–26) and 40 to 75 pyloric caeca (usually >50). In contrast, the coastal cutthroat has 14–22 gill rakers, (usually 17–18), the
westslope cutthroat has 17–24 (usually 18–20), and the Yellowstone
cutthroat as 18–23 (usually 19–20). The coastal cutthroat trout has
23–60 pyloric caeca (usually about 40), the westslope cutthroat
trout has 24–48 (usually 35–38), and the Yellowstone cutthroat trout
has 31–60 (usually 41–51) (Dewitt 1954; Roscoe 1974; Behnke 1992).
John C. Fremont (1845: 218) first described the Lahontan cutthroat trout from the Humboldt River as “salmon-trout” but did not
provide a Latin binomial. Gill and Jordan (1878) in Jordan (1878: 258)
first named the Lahontan cutthroat trout in Lake Tahoe as Salmo
henshawi, according it full species status. There were two morphologically distinctive forms of Lahontan cutthroat in Lake Tahoe,
a large silver form (Salmo henshawi) and a small dark form that
Jordan (1878: 358) named Salmo tsuppitch. Later, Jordan and Gilbert
(1882: 316) in their Synopsis of the Fishes of North America placed S.
tsuppitch in synonymy with S. henshawi, and described them both as
a variant of cutthroat trout (Salmo purpuratus var. henshawi).
When Jordan and Evermann (1896: 493) in volume 2 of The
Fishes of North and Middle America, renamed the cutthroat trout,
they accorded the Lahontan cutthroat trout subspecies status calling it Salmo mykiss henshawi. When Jordan and Evermann realized that Salmo mykiss of Kamchatka was a rainbow rather than
a cutthroat trout, they identified the small black Lahontan form
as Salmo clarkii henshawi (Jordan and Evermann 1898: 2,819) and
renamed the large form as Salmo clarkii tahoensis (Jordan and
Evermann 1898: 2,870).
Jordan, Evermann and Clark (1930: 57) restored both the small
black form and the large silver form of Lahontan cutthroat to
full species, calling them respectively Salmo henshawi and Salmo
tahoensis. Some ichthyologists working in the 1930s and 1940s adopted this classification but others did not and still used the subspecies names. In fact, most ichthyologists working in the 1930s,
1940s and 1950s called both forms Salmo clarkii henshawi.
When the 1st edition of the American Fisheries Society’s List
of Common and Scientific Names of Fishes of the United States and
Canada was published (Chute et al. 1948), the AFS failed to recognize any subspecies of cutthroat trout. In all five subsequent editions, the AFS has not recognized any subspecies of cutthroat trout
(Bailey et al. 1960, 1970; Robins et al. 1980, 1991; Nelson et al. 2004).
However, Behnke (1979) continued to use Salmo clarki henshawi
for Lahontan cutthroat trout. Smith and Stearly (1989), based on
cladistic analysis, reclassified the rainbow and cutthroat trout’s
into the genus Oncorhynchus because they shared more similarities with Pacific salmon than Atlantic salmon or trout. Thus, they
recognized two clades, one composed of Atlantic salmon and trout
(genus Salmo), the other composed of Pacific salmon and trout
(genus Oncorhynchus). Subsequently, the AFS reclassified the cutthroat trout as Oncorhynchus clarki (Robins et al. 1991), and Behnke
(1992, 2003) reclassified the Lahontan subspecies as Oncorhynchus
clarki henshawi. The name of cutthroat trout was changed to
Oncorhynchus clarkii by Nelson et al. (2004), thus the name for the
Lahontan cutthroat would be Oncorhynchus clarkii henshawi.
The Lahontan cutthroat trout evolved in Lake Lahontan, a
13,000 km² Pleistocene Lake that occupied the northwestern corner of Nevada. As the climate warmed following the last ice age
about 6,000 to 10,000 years ago, the lake dried up leaving six

geographically isolated populations of Lahontan cutthroat in the
Walker, Carson, Truckee, Quinn, Humboldt and Reese rivers. It is,
therefore, somewhat surprising that all these populations were designated as henshawi subspecies. The early day practice of describing new species or subspecies from widely separated locations,
based upon one or a few specimens, led to erection of numerous
species that were actually morphological variants of one species.
The fact that this did not occur in the case of Lahontan cutthroat
trout suggests that geographic isolation has occurred recently.
Jordan and Grinnell (1908: 31) described a new species of trout
from the upper Santa Ana River, California as Salmo evermani.
Bensen and Behnke (1961) examined the type specimens of Salmo
evermani and Salmo henshawi which were available in the California
Academy of Sciences (Stanford University) Fish Collection. They
concluded that there were no significant morphological differences
between the two specimens and placed them in synonymy under
the name Salmo clarki henshawi. Moreover, Benson and Behnke
sleuthed out forgotten historical planting records that revealed
23,500 Lahontan cutthroat fry, obtained from tributaries of Lake
Tahoe, had been planted in the Santa Ana River in 1895 and 1896.
They concluded that Salmo clarki henshawi were probably not native
to the Santa Ana River but, rather, were derived from these plants.
Snyder (1917) described two distinctive spawning runs of
Lahontan cutthroat trout (large, silver and small, dark) that migrated out of Pyramid Lake Nevada up the Truckee River but
believed they represented a single species. Behnke (1979: 72) examined several collections of Lahontan cutthroat trout from
throughout their range, that included specimens both the small
dark form and large silver form, and concluded that they were
variants of the same subspecies Salmo clarki henshawi. Behnke
concluded that the differences between the two forms was based
on size, and that this was probably related to first time spawners
versus repeat spawners.

Scientific Synonyms
Salmo henshawi original description.

Gill and Jordan 1878 (in Jordan 1878: 258).

Salmo tsuppitch sp. nov.
Jordan (1878: 358).

Salmo purpuratus henshawi Gill and Jordan
Jordan and Gilbert (1882: 316).

Salmo mykiss henshawi Gill and Jordan

Eigenmann and Eigenmann (1891: 14); Jordan and Evermann
(1896: 493).

Salmo clarkii henshawi Gill and Jordan
Jordan and Evermann (1898: 2819).

Salmo clarkii tahoensis subsp. nov.

Jordan and Evermann (1898: 2,870).

Salmo henshawi Gill and Jordan

Jordan and Evermann (1902: 180); Juday (1907: 141); Snyder
(1917: 131); Jordan, Evermann and Clark (1930: 57).

Salmo tahoensis Jordan and Evermann

A. T. Scholz

Jordan and Evermann (1902: 181); Juday (1907: 141); Jordan,
Evermann and Clark (1930: 57)
1185

Chapter 16

Salmo clarkii henshawi Gill and Jordan

Schrenkeisen (1938: 45); Shapovalov (1941: 442); Miller and Alcorn
(1946: 175); Eddy and Suber (1949: 108); Shapovalov and Dill
(1950: 385); Shapovalov, Dill and Cordone (1959: 171), Neadham and
Gard (1959: 69); Bensen and Behnke (1961: 257); Miller (1950: 4).

Salmo clarkii henshawi Gill and Jordan, 1878
Hubbs et al. (1979: 7).

Salmo clarki henshawi Gill and Jordan

LaRivers (1962: 281); Rounsefell (1962: 240); Minckley
(1973: 72); Moyle (1976: 38); McGinnis (1984: 129); Sigler and
Sigler (1987: 110).

Salmo clarki henshawi
Behnke (1979: 31).

Oncorhynchus clarki henshawi

Behnke (1992: 111; 2002: 211); Moyle (2002: 288).

Oncorhynchus clarki henshawi (Gill and Jordan)
Wydoski and Whitney (2003: 57).

Oncorhynchus clarkii henshawi (Gill and Jordan, 1878)
Scholz and McLellan (2009: 173; 2010: 425).

Salmo evermani sp. nov.

Jordan and Grinnell (1908: 31).

Salmo clarkii tahoensis Jordan and Evermann
Snyder (1917: 71); Schrenkeisen (1934: 45).

Distribution and Stock Status
Lahontan cutthroat trout were indigenous to the Lahontan
Basin of California, Nevada, and Oregon (LaRivers 1962; McAfee
1966; Gerstung 1988). This region was formerly occupied by Pluvial
Lake Lahontan. The ancestors of Lahontan cutthroat trout invaded
and became established in Lake Lahontan about 80,000 years BP
(Gerstung 1988). Over thousands of years the lake receded, gradually became more and more alkaline, and eventually desiccated
into eleven smaller lakes. The largest among them were Heenan
Lake, Lake Tahoe, Pyramid Lake, Walker Lake, Summit Lake and
Winnemucca Lake. Each of them maintained a native adfluvial
population of Lahontan cutthroat trout that grew to maturity in
the Lake and spawned in inlet or outlet tributaries of the lakes.
These Lahontans lived up to 7 years and grew to extraordinary
sizes, some in the 765 mm FL (30 in) and 20 kg (44 lbs) range.
Six major rivers bisect the Lahontan Basin. The Walker, Carson
and Truckee rivers arise in the Sierra Nevada Mountains of
California and drain east into Nevada. The Walker River drains
into Walker Lake. The Carson River drains into the Carson Sink,
Nevada. The Truckee River flows out of Lake Tahoe, California/
Nevada into Pyramid Lake, Nevada. The Reese River flows from
the Toiyabe Mountains in Central Nevada and drains north where
it disappears into the sands of north central Nevada. The Humboldt
River arises in the Independence and Santa Rosa mountains in
northeastern Nevada and drains southwest into the Humboldt
Sink. The Quinn River flows from the Steens Mountains in southeastern Oregon into the Black Rock Desert, Nevada. Each of the
rivers contained a Lahontan cutthroat trout population that was
geographically isolated. The riverine populations established either
1186

a resident or fluvial life history, seldom lived more than 4 years and
grew to a maximum size of about 400 mm (16 in).
Genetic analysis has revealed that Lahontan cutthroat in isolated river drainages of the Great Basin (Walker, Carson, Trucker
Reese, Humboldt and Quinn rivers) were genetically distinctive from one another (Loudenslager and Gall 1980; Gall and
Loudenslager 1981; Dunham et al. 1999; Nielson and Sage 2001).
Genetic data supported the designation of three evolutionary significant units (ESUs) within the historical range of Lahontan cutthroat trout:
(1) Humboldt River/ Reese River populations, (2) Quinn River population, and (3) Truckee/Carson/Walker river populations. Populations in
the Truckee, Carson and Walker rivers are also distinctive from each
other, as are populations in the Humboldt and Reese rivers. These are
referred to as distinctive populations segments (DPSs).
In the 1800s, eleven lake dwelling populations of Lahontan cutthroat trout occupied 135,000 hectares (333,592.6 acres) of lake habitat and at least 400 stream dwelling populations occupied 6,100 km
of stream habitat (Gerstung 1988). Currently (2008) there remain
5 lake populations that occupy 60,524 hectares of lake habitat and
123–129 stream populations that occupy 490 km of stream habitat
(Gerstung 1988; Coffin and Cowhorn 1995; Dunham et al. 1997, 1999;
USFWS 2007). Thus, Lahontan cutthroat trout were compressed into
just 44% of its former lake habitat and 8% of its former river habitat.
Gerstung (1988) reviewed the factors responsible for the decline
of Lahontan cutthroat trout in each of the six river basins. Factors
contributing to the decline included: (1) Introduction of nonindigenous salmonids that eitehr hybridized with or were predators of,
Lahontan cutthroat trout; (2) Construction of irrigation diversion
dams that blocked spawning migrations of Lahontan cutthroat
trout; (3) Lahontan cutthroat were subjected to excessive harvest
by commercial fisherman and sport anglers; and (4) Livestock
grazing in stream corridors which caused the rivers to warm up.
See section on Lahontan behavior and ecology (page 1142–1144)
for more details.
For example, commercial fishing was prosecuted in Pyramid
Lake, Nevada from the late 1800s until about 1925, with many fish in
the 9–20 kg (20–44 lb) range harvested. The Pyramid Lake population “became extinct by 1940, the victim of a dam on the Truckee River
which blocked [Lahontan cutthroat] trout’s access to spawning grounds”
(Wood, 1986), combined with over harvest of the fish by commercial
fisherman. Coleman and Johnson (1983) reviewed the factors responsible for the extinction of Lahontan cutthroat in Pyramid Lake and
subsequent efforts to restore this fishery from 1954–1957.
Some Lahontan survived in the Carson River, so the Nevada
Department of Fish and Game collected eggs from them for
propagation in a fish hatchery. Then they stocked the progeny into
Pyramid Lake and by doing so successfully restored Lahontan
to Pyramid Lake. In the late 1970s eggs collected from Lahontan
cutthroat in Pyramid lake were shipped to Washington State for
stocking into alkaline Lake Lenore in Grant County.
The Lahontan cutthroat trout occurs in Harney and Malheur
counties, Oregon in the following streams: Doolittle Creek, Fifteen
Mile Creek, Little Whitehorse Creek, Whitehorse Creek and
Willow Creek (Coyote Lake Basin) and in Indian, Line Canyon
and Sage creeks, tributaries of McDermott Creek (Quinn River
Basin, Nevada) (USFWS 2007).
Because they are tolerant of alkaline (high pH) water, Lahontan
cutthroat trout have been introduced at several alkaline lakes in
eastern Washington.
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Omak Lake, on the Colville Indian Reservation, Okanogan
County, was the first lake in Washington planted with cutthroat trout.
Omak Lake is alkaline (pH 9.4) and saline (1,622 mg/L sodium, 1,832
mg/L bicarbonate, 1,300 mg/L sulfate, 4,870 TDS). The native fish assemblage was composed of peamouth, redside shiner, bridgelip suckers and sculpins. Thiesson (1965) after surveying the fishery resources
on the Colville Indian Reservation, advocated stocking of Lahontan
cutthroat trout into Omak Lake. In 1968, the United States Fish and
Wildlife Service began stocking Lahontan Cutthroat into Omak Lake
(Kucera et al. 1985). From 1968 to 1970, a total of 76,750 Lahontan cutthroat from Summit Lake, Nevada or Heenan Lake, California were
stocked. Commencing in 1971, and for all years since then, fingerlings produced from eggs collected in Omak Lake have been used for
stocking the lake. Omak Lake does not have any tributaries that are
conducive to natural reproduction of Lahontan Cutthroat trout.
Fairbank (2005) summarized the stocking history and creel
harvest of Lahontan cutthroat trout at Omak Lake. From 1968 to
2001, a total of 2,378,331 Lahontan cutthroat trout were planted in
Omak Lake. None were stocked in 1997 because all the hatchery

fish were destroyed due to a disease outbreak. Average numbers
(range) of plants, annually over the 33 year period was 72,071
(325–177,736). From 1975–2001 an estimated total of 14,406 of these
fish were harvested by anglers. The average number (range) of fish
harvested annually over the 25 year period of record was 576 (99–
1248) weighing an annual average (range of annual average) of 2.4
(1.4–4.3) pounds. Omak Lake is restricted to fly and lure fishing
only. In 2002, Lahontan cutthroat (n = 128,902) were planted into
Omak Lake (Arterburn and Christianson 2003a). In 2002, 1,168
anglers fished 3,273 hours to catch 5,237 Lahontans that, on average, measured 470 mm (18.5 inches) TL and weighed 1.1 kg (2.3 lb)
(Arterburn and Christianson 2003b). In 2003, Lahontan cutthroat
(n = 76,525) were planted into Omak Lake (Fairbanks et al. 2004).
Lahontan cutthroat trout are also periodically stocked into Karter
Creek, tributary of Omak lake, and Cook Lake, Okanogan county
(Arterburn and Christenson 2003; Fairbanks et al. 2004, 2005).
The population of Lahontan cutthroat trout in Lake Lenore,
Grant County Washington originated from Pyramid Lake, Nevada.
Until 1977 Lake Lenore was fishless owing to its high pH of 10.
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However, its pH had decreased owing to ground water seepage associated with irrigation from the Columbia Basin Project
(Edmondson 1969, 1982, 1983, 1986). This prompted Merill Spence
and Bill Zook, WDFW fish biologists based in Ephrata, to conduct
an experiment in 1977. They obtained 30 Lahontan, 4–6 inches long,
from Omak Lake, placed them in live boxes in Lake Lenore and held
them for several weeks. All of the fish survived this experiment and
were eventually released into the lake. A year later, 8 of the 30 fish
were caught in the lake. In 1979, the Washington State Department
of Game obtained Lahontan cutthroat trout from Pyramid Lake,
Nevada and stocked them into Lake Lenore. Because there are no
other fish to compete for food, Lahontan cutthroat is Lake Lenore
typically grow to a size of 1.4–3.6 kg (3–8 lbs). Lahontan cutthroat in
Lake Lenore have been described by Edmondson (1982, 1983, 1986);
Edmondson and Litt (1983); Lecke (1986a, 1986b, 1988); Woods
(1986); Lecke and Litt (1987); Foster et al. (1995) and Williams et
al. (1987). By the mid 1980s Lake Lenore had gained national reputation for large sized Lahontan cutthroat trout and soon after the
average size of Lahontan began to decline. By the mid 1990s WDFW
reduced the stocking rate and restricted harvest. These adjustments
increased the average size of Lahontans in the lake (See data presented in Lahontan cutthroat trout Age, Growth, and Reproduction
section). Meanwhile, WDFW had developed a Lahontan cutthroat
trout egg collection program at Lake Lenore commencing in 1987
and has continued to obtain eggs in most years since then. The
eggs are raised and stocked into waters in Adams, Douglas, Grant,
Lincoln, Okanogan and Spokane counties.
In Adams County, Halfmoon Lake received plants totaling
14,135 Lahontan cutthroat in 1999, 2000, 2001, and 2002. Hayes
Creek Pond received plants totaling 5,192 Lahontan cutthroat from
1999–2002. Hutchinson and Shiner Lakes received plants totaling
6,392 Lahontan cutthroat trout in 1998. McManamon Lake received
plants totaling 4,016 Lahontan cutthroat from 1999–2002, Morgan
Lake received plants totaling 17,156 Lahontan cutthroat from 1999,
2000, 2003 and 2004. Sprague Lake in Adams and Lincoln counties received plants totaling 1,045,166 Lahontan cutthroat trout in
1986, 1987, 1988 and 1990 to 1995.
No Lahontan cutthroat were among 1,338 total fish caught in
2004 electrofishing gill netting and fyke net surveys of Hutchinson
and Shiner Lakes (Schmuck and Petersen 2005). At Sprague Lake,
large numbers totaling 480,336 Lahontan cutthroat were stocked
for three years following a rotenone treatment in the fall of 1985
in order to provide an interim fishery until self sustaining populations of warm water species became established in the lake
(Sprague lake lacks a suitable stream for spawning Lahontan cutthroat trout). In various fisheries surveys conducted since then,
2 Lahontan cutthroat (113–128 mm TL) were among 419 total fish
captured in 1987 and 221 (140–514 mm TL) were among 5,086 total fish captured in 1988 (Whalen 1989, Willms 1989; Willms et al
1989). Five (345–597 mm TL) were among 534 total fish captured
in 1991 (Scholz 1992), the last time any were found in Sprague
Lake. None were among 130 total fish captured in 1993 (Scholz
1994), 133 captured in 1994 (Scholz 1995), 1,695 captured in 1996
(Jackson 2000), 688 captured in 1997 (Jackson 2000), 716 captured
in 1997 (Scholz 1998), 8,426 captured in 1998 (Jackson 2000), 5,449
captured in 1999 (Taylor 2000), 2,313 captured in 2003 (Schmuck
and Petersen 2006), 161 captured in 2005 (Scholz 2006) and 214
captured in 2006 (Scholz 2007). It is interesting that no Lahontan
cutthroat trout were observed in Sprague Lake after 1991 because
1188

564,830 were stocked between 1990 and 1995. Apparently, these
trout became fodder for burgeoning populations of walleye, largemouth bass and smallmouth bass that had become established in
Sprague Lake.
In 1987, anglers (n = 45,721) fished 192,028 hours and caught
9,723 Lahontan cutthroat trout in Sprague Lake (Whalen 1989;
Willms et al. 1989). In 1988, anglers (n = 47,179) fished 179,283
hours and caught 21,514 Lahontan cutthroat trout. In 1999, anglers
(n = 16,937) fished 82,012 hours and caught no Lahontan cutthroat
trout (Taylor 2000).
In Douglas County, Grimes Lake received plants totaling 32,077
Lahontan cutthroat trout from 1999–2001 and 2003. No data were
available to evaluate the success of these plants.
In Grant County, Alkali Lake was stocked with 5,040 Lahontan
cutthroat trout fry in 1997 and 5,016 Lahontan cutthroat fingerlings,
in 1998 (Osborne et al. 2001). In electrofishing, gill net, and fyke net
surveys conducted in 1999, 42 Lahontan cutthroat (178–420 mm
TL) were among 210 total fish captured (Osborne et al. 2001). In
2005, no Lahontan cutthroat were among 1,659 total fish sampled
in Alkali Lake (Schmuck and Peterson 2006a). Lower Goose Lake
received a plant of 2,016 Lahontan cutthroat trout in 1998. One
Lahontan cutthroat (512 mm TL) was collected among 787 total fish
captured by electrofishing, gill nets, and fyke nets in Lower Goose
Lake in 1999 (Peterson et al. 2001). Upper Goose Lake received
plants totaling 11,315 Lahontan cutthroat in 2000 and 2001, but during electrofishing, gill netting, and fyke nets surveys conducted in
October 2000 none were found among 341 fish (11 species) sampled
(Peterson et al. 2004b). Para juvenile Lake received plants totaling
5,977 Lahontan cutthroat trout between 1999 and 2002. No data
were available to evaluate the success of these plants.
In Okanogan County, Big Twin Lake was planted with a total
of 2,549 Lahontan cutthroat trout in 1999 and 2000. Blue Lake was
planted with a total of 8,060 Lahontan cutthroat in 2000, 2001,
2003 and 2007. Emerald Lake was planted with 539 Lahontan cutthroat in 1999. Horseshoe Lake was planted with a total of 3,465
Lahontan cutthroat trout in 1999 and 2000. Palmer Lake was
planted with a total of 542,285 Lahontan cutthroat fry in 1985, 1986,
and 1987 and 12,992 Lahontan cutthroat fingerlings in 1995. No
Lahontan cutthroat were among 2,911 total fish captured during
electrofishing, gill net or fyke net surveys, conducted in Palmer
Lake in 1999 (Osborne et al. 2003) or among 2,522 captured in
similar surveys in 2005 (Peterson and Schmuck 2006b). Reflection
Lake was planted with a total of 5,070 Lahontan cutthroat trout
from 1999–2001, and 2003–2007. No data were available to evaluate
the Reflection Lake plant.
In Spokane County, Granite Lake was planted only once with
10,000 Lahontan cutthroat trout in 1987. Granite Lake, a small lake
with a maximum depth of 33 meters and surface area of 100 acres,
was fishless at the time of the introduction owing to its high alkalinity (pH = 10). The lake is a seepage lake with no inlet or outlet that
could support Lahontan cutthroat spawning. Lahontan persisted in
the Lake until about 1993 then disappeared from the lake. The Lake
supported a population of neotenic tiger salamanders (Ambystoma
tigrinum) prior to the introduction of the Lahontan. This population
crashed during the period when Lahontan were present in the lake.
In Yakima county, Fenner Lake was stocked with Lahontan cutthroat trout in 1998 (Anderson 1998). Fenner Lake is a small (3.1
surface acre), high elevation lake (5,460 ft above MSL) with high
alkalinity.
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WESTSLOPE CUTTHROAT TROUT
Oncorhynchus clarkii var. lewisi (Girard, 1856)
Primary Identification
1.

Adipose fin present.

2.

Axillary process at front of pelvic fins.

3.

Anal fin with <12 rays.

4.

Interior of mouth white.

5.

Confirming characters
1.

Small spots irregular outline. Few small spots on the
back above the lateral line in front of the dorsal fin;
become larger, more numerous, and present both
above and below the lateral line above the anal fin,
extending onto the caudal peduncle. Spots present
on dorsal, adipose and caudal fin. Few spots on head,
pelvic fins and anal fin.

Red, orange, or yellow slash marks present in membranous folds under lower jaw

2.

Gill rakers 17–21 (usually 18–19). Posterior gill rakers
on first arch either absent or weakly developed (0–3).

6.

Basibranchial teeth present on hyoid bone (on floor
of pharynx between gill arches).

3.

Pyloric caeca 25–55 (usually 30–40).

7.

Two rows of prominent teeth on tongue.

4.

Lateral line scales 150–200 (usually 165–180).

Figure 16.17

Westslope cutthroat trout, Anaconda State Hatchery, MT. Inset shows details of white mouth.

Similar Species
1.

2.

3.

Other subspecies of cutthroat trout (coastal,
Yellowstone, Lahontan) differentiated by spot pattern. Coastal cutthroat have many irregularly shaped
spots over entire body above and below the lateral
line, including head. Lahontan cutthroat have fewest and smallest spots distributed over entire body,
including head. Yellowstone cutthroat spots are most
similar to westslope cutthroat, except they have a few
more spots above and below the lateral line, in front
of the dorsal fin.
Rainbow trout usually lack the red or orange cutthroat marks below the jaws and basibranchial teeth.
Vestigial cutthroat marks and basibranchial teeth
may be present on the interior (redband) variety.
Golden trout have more scales in the lateral line row
(170–210, usually <200).

Etymology
Oncorhynchus: (G.) Onco- = hooked, -rhynchus = snout: hooked
snout. A reference to the spawning kype that develops on the jaw
of males as a secondary sex character in this species.
clarkii: Named to honor Captain William Clark, co-leader of the
Lewis and Clark expedition, who first reported the species in a
journal entry dated June 13, 1805.
lewisi: Named to honor Captain Meriwether Lewis, co-leader of
the Lewis and Clark Expedition

Pronunciation
Oncorhynchus - On-co-rhyn-chus (On-cō-rhyn-kus)
clarkii - clark-ii (clark-ī)
lewisi - lewis-i (lew-is-ī)
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Common Name(s)
Cutthroat trout (AFS name), westslope cutthroat trout, Missouri
River trout, Rocky Mountain trout, intermontane trout, Montana
black spotted trout, ničswiqways (pronounced neech-kwee-kways)
of Spokane Indians (Osterman 1995: 1; 1995: 31), the name means
many black spots, Wawa Tam (Nez Perce Tribe), pislh (Colville/
Okanogan Tribe, Kennedy and Bouchard 1975).

Systematic Notes
The westslope variety or subspecies of cutthroat trout was first
called Salar lewisi by Girard (1856: 219) from specimens collected
at Great Falls on the Missouri River. Meriweather Lewis 1805 (in
Thwaitts 1904) first described these specimens as having “long teeth
on the tongue” and “a small dash of red” under each side of the jaw
(Trotter and Bisson 1988) but did not attach a Latin binomial. The
name was changed to Salmo lewisi (Girard) by Suckley (1874: 139).
Suckley (1874) noted that the cutthroat trout of the upper
Columbia tributaries in Montana, Idaho and Washington (Pend
Oreille, Kootenai, Bitterroot, Flathead and Clark Fork rivers) were
identical to those collected in the upper Missouri River drainage of
Montana. Specimens collected in both the upper Missouri drainage and upper Columbia tributaries appeared identical to Suckely
(1874: 140). The common name westslope cutthroat derives from
these observations indicating the presence of this subspecies on
the western slopes of the Continental Divide. The common name
westslope cutthroat trout is somewhat ambiguous because this
subspecies occurs on both sides of the Continental Divide. A better
common name first suggested by WDFW biologist Merrill Spence
would be the intermontane trout.
David Starr Jordan (1878: 78; 1886: 82) was the first person to
examine a very large series of cutthroat trout from across their
range. He suggested that they all be unified under a single scientific
name and treated as subspecies. His reason for making his revision
was “I have examined the original type of S. lewisi as well as other
examples from the upper Missouri and Yellowstone. When I had seen
only a few specimens, I thought that I could distinguish the trout
of the Missouri from the trout of the Columbia. I cannot do it now
[after examining a larger series of specimens.]” Jordan was even
unsure about according subspecies status because, “...I do not know
how to characterize these, nor do I think that I could pick them out if
mixed up in an alcohol tank or in the bottom of a boat.”
Throughout the 1870s and 1880s, Jordan thought that Salmo
purpuratus Pallus (1811–1831 iii: 374) was the oldest name available
for cutthroat trout. Hence, he called the coastal cutthroat trout
Salmo purpuratus clarki, the westslope cutthroat trout Salmo purpuratus lewisi, the Waha Lake (Yellowstone) cutthroat trout Salmo
purpuratus bouvieri and the Lahontan cutthroat trout Salmo purpuratus henshawi.
A little later Jordan thought the oldest name for cutthroat trout
was Salmo mykiss (Walbaum 1792: 59), so Jordan and Evermann
(1896–1900: 42) in the first volume of The Fishes of North and
Middle America placed Salmo purpuratus in synonymy with Salmo
mykiss and called the coastal cutthroat Salmo mykiss clarkii, the
westslope/Yellowstone cutthroat trout Salmo mykiss lewisi, the
Waha Lake cutthroat trout Salmo mykiss bouvieri, and the Lahontan
cutthroat trout Salmo mykiss henshawi. When Jordan discovered
that Salmo purpuratus and Salmo mykiss represented steelhead
trout rather than the cutthroat trout two years later, Jordan and
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Evermann (1898: 2,819) called the coastal cutthroat Salmo clarkii
clarki, the westslope/Yellowstone cutthroat Salmo clarkii lewisi, the
Waha Lake trout Salmo clarkii bouvieri and the Lahontan cutthroat
Salmo clarkii henshawi.
In 1930, in the last publication of his career, Jordan inexplicably
reversed himself and restored each of these subspecies (and nine
others) of cutthroat trout to full species status (Jordan, Evermann
and Clark 1930: 56 and 57). The westslope cutthroat trout he called
Salmo lewisi. However most other taxonomists did not follow him
down this path and gradually the subspecies were whittled away
until only the specific epithet Salmo clarki remained.
One reason why Jordan may have had difficulty in separating
the cutthroat of the Missouri from those of the Columbia was that
the lewisi (westslope) form was known from locations on both sides
of the Continental Divide, in the upper Missouri River and in tributaries of the Columbia River (Clark Fork, Pend Oreille, Kootenai,
Spokane, Methow, Entiat, Wenatchee and Yakima rivers). Behnke
(1979) theorized that about 10,000 to 50,000 years ago, during the
Wisconsin glacial advance at the end of the Pleistocene Epoch,
westslope cutthroat trout occupied Glacial Lake Missoula, a deep
lake that submerged the Clark Fork and Bitterroot valleys in western Montana. Glacial Lake Missoula was formed by an ice dam
when a lobe of the Cordilleran Ice Sheet blocked the Clark Fork
River near where it joins Pend Oreille Lake in the Idaho panhandle. Several times the ice dam failed and great floods swept across
eastern Washington resulting in the formation of the Channelled
Scablands.
Roscoe (1974) and Behnke (1979) speculated that westslope cutthroat were transported by floodwaters down the Spokane River
as far west as the Cascade Mountains into the Methow, Entiat,
Wenatchee and Yakima rivers. It is also likely that a flood pathway along Rock Creek and the Palouse River redistributed some
westslope cutthroat trout into the Snake River, and thence, into
the Tucannon River, Columbia and Garfield counties, Washington
and the Clearwater River, Idaho. Schultz (1941) and Roscoe (1974)
concluded that westslope cutthroat trout were distributed on both
sides of the Continental Divide owing to head water transfer. It
actually occurs in three drainages. It is most extensively distributed throughout the Columbia system (including the Kootenai,
Flathead/Bitterroot, Clark Fork/Pend Oreille, Coeur d’Alene and
Spokane, Methow, Entiat, Wenatchee and Yakima rivers), and in
the lower Snake River (including the Tucannon, Clearwater and
Salmon rivers). It also had more limited distribution in the upper
Missouri River downstream to the confluence with the Musselshell
River (Hansel 1959) and in the South Saskatchewan River, Hudson
Bay drainage (Dymond 1932; Willock 1969).
Because of its extensive distribution in the Columbia Basin and
more limited distribution in the Missouri and South Saskatchewan
drainages Roscoe (1974) concluded that the most plausible route
of headwater transfer was from the Columbia River into the upper Missouri and South Saskatchewan rivers. Such a transfer
could have occurred in a proglacial (ice front) lake in the vicinity
of Glacier National Park, which contained the headwaters of all
three drainages. Summit Lake located ion the Continental Divide
has two outlets: one drains into the Flathead River (Columbia
drainage) and the other drains into the Marias River (Missouri
drainage).
Dymond (1931: 394; 1932: 28–30) thought that Salmo clarkii and
Salmo lewisi should be recognized as a single species (Salmo clarkii)
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but that they were sufficiently distinctive to be classified as subspecies. He classified them into Salmo clarkii clarkii (found along
the coast and Salmo clarkii lewisi (found in the upper Columbia
and Snake river drainages, upper Missouri River drainage and
Yellowstone River drainage). He also described a third subspecies
Salmo clarkii alpestris (found in isolated alpine lakes in the interior
of British Columbia). Quadri (1959) described the two forms as
subspecies S. clarki clarki (coastal) and S. clarki lewisi (interior or
Yellowstone).
Weisel (1955) classified cutthroat trout from the Yellowstone
and upper Missouri rivers and called them Montana blackspotted
trout S. clarkii lewisi. Weisel (1958) classified cutthroat trout found
west of the Continental Divide in Montana as coastal subspecies S.
clarkii clarkii. However, Zimmerman (1965) compared 27 morphometric and meristic characters in cutthroat populations from eastern Montana, western Montana and British Columbia. Statistical
analysis of these data indicated a closer relationship between
populations collected east and west of the Continental Divide in
Montana (identified as Salmo clarkii lewisi) and a more distant relationship with the cutthroat trout collected in British Columbia
(identified as S. clarkii clarkii).
Roscoe (1974) examined meristic characters and found that
westslope cutthroat from the upper Columbia Basin, upper
Missouri River Basin and South Fork Saskatchewan Basin were
relatively uniform in counts and that these populations were different from Yellowstone cutthroat trout. For example, the number
of pyloric caeca averaged 36.5 in westslope populations from the
upper Columbia Basin, 33.1 in westslope populations in the upper
Missouri Basin and 37.5 in westslope populations from the South
Saskatchewan Basin and 42.9 in Yellowstone cutthroat trout populations from Yellowstone Lake. The number of basibranchial teeth
averaged 7.5 in westslope populations from the Columbia River
Basin, 6.9 in westslope populations from the upper Missouri River
Basin, 8.0 in westslope populations from the South Saskatchewan
Basin compared to 14.3 in Yellowstone cutthroat populations in
Yellowstone Lake. Moreover, isozyme analysis revealed that cutthroat trout from the upper Missouri River east of the Continental
Divide were genetically uniform and that these fish were genetically distant from both coastal cutthroat and Yellowstone cutthroat
(Allendorf and Leary 1988).
George Suckley first used Oncorhynchus as a subgenus in 1862.
In 1866 Albert Günther of the British Museum used it as the generic name for the Pacific salmon. The name was used to distinguish Pacific salmon (with 13 or more anal fin rays) from Pacific
trout and Atlantic salmon or trout (with 12 or fewer anal fin rays).
C.T. Regan (1914) examined the skulls of the salmonid fishes and
advocated placing the Pacific trout in the same genus as the Pacific
salmon based on shared skull characteristics. However, David Starr
Jordan ignored Regan and continued to classify Pacific salmon as
Oncorhynchus and Pacific trout along with Atlantic salmon and
trout as Salmo based on the differences in their anal fin ray counts.
Tchernavin (1937, 1938) examined the skulls of Pacific salmon and
trout and concluded there were sufficient differences in the bones
and chondrocranium between Pacific salmon and Pacific trout to
warrant their continued separation into two genera. Because the
Pacific trout shared a few primitive traits with Atlantic salmon
and trout, he continued to place them in Salmo. Vladykov (1962,
1963) placed the Pacific trout (cutthroat and rainbow) in subgenus Parasalmo i.e., Salmo (Parasalmo) and the Atlantic salmon and

brown trout in the subgenus Salmo (Salmo). This separation into
subgenera was intended to reflect evolutionary divergence of the
two groups and emphasize that the phylogenetic relations of the
Pacific trout were more closely allied with the Pacific salmon (genus Oncorhynchus) than Atlantic salmon and trout (genus Salmo).
Recently cladistic analysis of a large number of characters has
revealed that Pacific trout share more traits with Pacific salmon that
they share with Atlantic salmon and trout (Kendall and Behnke
1984; Smith and Stearly 1989; Sandford 1990; Stearly and Smith
1993). Also molecular genetic evidence (isozymes and mitochondrial DNA) has revealed more genetic similarity between Pacific
trout and Pacific Salmon than between Pacific trout and Atlantic
salmon and trout (Tsuyiki and Roberts 1966; Utter et al. 1973; Berg
and Ferris 1984; Thomas et al. 1986; Gyllensten and Wilson 1987;
Grewe et al. 1990).
Therefore, the AFS/ASIH Committee on Fish Names changed
the generic name of the Pacific trout from Salmo to Oncorhynchus
in 1991 and called the cutthroat trout Oncorhynchus clarki (Robins
et al. 1991). In 2004 the committee reverted to Richardson’s original
spelling and called cutthroat trout Oncorhynchus clarkii (Nelson et
al. 2004). Although not officially sanctioned by AFS/ASIH, some
investigators (e.g. Behnke 2002) now use subspecies designations
to capture this variation. Amongst cutthroat trout the four subspecies or varieties that occur in eastern Washington are O. clarkii
clarki (coastal cutthroat), O. clarkii lewisi (westslope cutthroat),
O. clarkii bouvieri (Yellowstone cutthroat) and O. clarkii henshawi
(Lahontan cutthroat trout). Subspecies are supported by the differences in karyotype between subspecies. Diploid number of chromosomes (2N = 68) in coastal cutthroat and westslope cutthroat,
and 2N = 66 in Yellowstone and Lahontan cutthroat trout (Behnke
1988). Also electrophoretic and mtDNA evidence supports partitioning into these subspecies (Loudenslager and Gall 1980; Wilson et
al. 1985; Gyllensten and Wilson 1987; Leavy et al. 1987; Leary and
Allendorf 1988).
Smith and Stearly (1989) and Stearly and Smith (1993) regarded Parasalmo (Vladykov 1963: 496) to be a junior synonym of
Rhabdofario Cope 1870. Rhabdofario was used by Cope to describe
a rainbow trout fossil found in Pluvial Lake Idaho, an enlargement
of the Snake River in southeastern Idaho.
Interestingly, Stearly and Smith (1993), based on cladistic analysis or molecular genetic data, concluded that Pacific trouts do not
form a natural group because they “there [was] almost no evidence
for shared ancestry between rainbow and cutthroat trouts.” Thus
they thought the two species did not form a natural group because
they were paraphyletic “in that the taxon so formed [did] not include all its descendants.” In their analysis, the Pacific salmon (not
cutthroat trout), were considered to be the closest sister group of
the rainbow trout even though rainbow trout and cutthroat trout
can readily hybridize and the resulting offspring are fertile and can
backcross with either parent to produce hybrid swarms.
Extensive stocking of hatchery raised westslope cutthroat trout
began in 1903 when the Lake Chelan hatchery was built on the
Stehekin River, Chelan County (Crawford 1979). Egg collection
stations were established on many Lake Chelan tributaries. Eggs
were shipped from the Lake Chelan hatchery throughout the state.
For example, when the state operated Little Spokane Hatchery began operations in 1905 it obtained fertilized eggs of westslope cutthroat trout from Lake Chelan and transplanted them into lakes
and streams in the Spokane area. Eggs were also collected from an
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adfluvial population in Harvey Creek. They were then transferred
to the Little Spokane hatchery where they were raised until they
were stocked at various locations in eastern Washington.
In 1915 the Washington Department of Fish and Game collected
1.4 million eggs from and established an egg eyeing station at Twin
Lakes, Wenatchee River drainage, Chelan County (Crawford 1979).
Campton (1978), based on electrophoretic data from blood and
muscle proteins, concluded that the Twin Lakes stock was more
similar to westslope cutthroat trout from Montana than coastal
cutthroat trout from Puget Sound. This stock has been mainly used
for planting oligotrophic alpine lakes on both the east and west
slopes of the Cascade Mountains (Crawford 1979).
In 1940 the Washington Department of Fish and Game obtained 119,288 westslope cutthroat trout eggs from two tributaries of Priest Lake, Idaho. These were incubated at the WDFG Pend
Oreille Hatchery near Usk, Washington and stocked into Kings
Lake, Pend Oreille County, which had been rehabilitated by treatment with rotenone in the fall of 1941 in an attempt to develop
a westslope cutthroat broodstock lake. The first egg take, in May
1943, numbered 1.3 million eggs. The lake has supplied westslope
cutthroat eggs more or less continuously since that time.

Richardson (1836: 225).

Suckley (1860: 344, 1874: 112); Jordan (1878a: 359, 1878b: 43);
Jordan and Evermann (1898: 2,819, 1902: 176); Evermann and
Goldsborough (1907: 102); Snyder (1908: 183); Ellis (1914: 81);
Fowler (1923: 280); Whitehouse (1919: 51); ~ Kootenay region
of British Columbia; Jordan, Evermann, and Clark (1830: 56);
Henshall (1906: 4, 7) ~ Montana; Dymond (1931: 394, 1932: 27);
Snyder (1940: 130); Hildebrand (1949: 6); Shapavalov, Dill, and
Cordone (1959: 171); Willock (1969: 1,442) ~ Milk River Drainage,
Alberta; Koster (1957: 30); Bailey et al. (1960: 11; 1970: 17); LaRivers
(1962: 275); Sigler and Miller (1963: 37); McPhail and Lindsey
(1970: 130); Paetz and Nelson (1970: 95); Scott and Crossman
(1973: 177; 1998: 177); Morrow (1974: 37; 1980: 48); Maughan
(1976: 78) ~ Clearwater River, Idaho. Moyle (1976: 137); Gray
and Dauble (1977: 212). ~ Hanford Reach and Columbia River;
Wydoski and Whitney (1979: 40); Lee et al. (1980: 105); Robins
et al. (1980: 19); Simpson and Wallace (1982: 19); Sigler and Sigler
(1987: 110); Robinson and Buchanan (1984: 12).
Kiel (1928: 111); Dufresne (1946: 230); Chute et al. (1948: 8);
Miller and Miller (1948: 183); Patten et al. (1970: 6); Goodsen
(1998: 132).
Sublette et al. (1990: 51); Sigler and Sigler (1996: 169); Moyle
(2002: 287); Wydoski and Whitney (2003: 56); Nelson and Paetz
(1992: 257).

Nelson et al. (2004: 86).
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Salar lewisi (Girard)

Suckley (1874: 139); Jordan, Evermann, and Clark (1930: 56).

Salar lewisi Girard

Girard (1856: 219, 1858: 29).

Salar clarki lewisi (Girard)

Jordan and Evermann (1898: 2,819); Dymond (1932c: 30,
1936: 62); Schultz (1929: 46, 1936: 136); Schultz (1931: 15; 1942: 15);
Schultz and DeLacy (1935/1936: 372).

Salar clarki lewisi (Girard)

Scott (1958: 6); Quadri (1959: 903); Eddy and Underhill
(1974: 175).

Salar clarki lewisi Richardson
Quadri (1959: 903).

Wydoski and Whitney (2003: 57).

Oncorhynchus clarki lewisi

Baxter and Stone (1995: 168); Behnke (1992: 77; 2002: 155);
Nelson and Paetz (1992: 262) ~ native to Alberta.

Salmo purpuratus Pallus

Jordan and Gilbert (1883: 314); Bendire (1882: 310); Cope
(1883: 141).

Salmo clarki alpestris subsp. nov.
Dymond (1931: 394).

Salmo clarki alpestris Dymond
Dymond (1936: 68).

Oncorhynchus clarkii var. lewisi (Girard, 1856)
Scholz and McLellan (2009: 175; 2010: 427).

Distribution and Stock Status

Salmo clarki

Oncorhynchus clarki (Richardson, 1836)

Girard (1856a: 21).

Oncorhynchus clarki lewisi (Girard)

Salmo clarki Richardson

Robins et al. (1991: 28).

Salar lewisi sp. nov.

Schultz and Hanson (1935: 9); Groves (1951: 15, 17); Simon
(1951: 35); Minckley (1973: 71); Behnke (1979: 60); Smith
(1984: 80); Holton and Johnson (1996: 61).

Salmo clarki Original description.

Oncorhynchus clarki (Richardson, 1836)

Page and Burr (1991: 53); Pollard et al. (1997).

Salar clarki lewisi

Scientific Synonyms

Oncorhynchus clarki (Richardson)

Oncorhynchus clarki

The westslope cutthroat is the most widely distributed of all cutthroat subspecies found in eastern Washington. Historically, it was
distributed in three major drainages: the Columbia, which drains
to the Pacific Ocean, the Missouri, which joins the Mississippi
River and drains into the Gulf of Mexico (Atlantic Ocean), and the
South Saskatchewan River, which drains into Hudson’s Bay (Arctic
Ocean). All three drainages have headwaters in Glacier National
Park, Montana. The westslope cutthroat was thought to have originated in the Columbia system and been distributed by headwater
transfer (stream capture) into tributaries of the Upper Missouri
and South Saskatchewan rivers (Schultz 1942; Roscoe 1974; Behnke
1979, 1992, 2002). During the last ice age such a transfer could have
occurred in a proglacial lake in the vicinity of Glacier National
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Park. At the present time Summit Lake, on the Continental Divide
in Glacier National Park, drains in two directions: into the Flathead
River (Columbia drainage) and Marias River (Missouri drainage).
In Alberta, Westslope cutthroat trout were native in the Bow,
Milk, and Oldman rivers, tributaries of the South Saskatchewan
River (Hudson Bay drainage) (Prince et al. 1912; Whitehouse 1919;
Nelson and Paetz 1992; Mayhood 2000). Westslope cutthroat have
been introduced in the Red Deer, North Saskatchewan, Peace and
Athabasca river drainages (Mayhood 2000).
In British Columbia, westslope cutthroat trout were native in
tributaries of the Kootenai (spelled Kootenay in BC) River, including the Moyie and Elk rivers, and in several headwater tributaries of the Upper Columbia River (Prince 1912; Dymond 1932, 1936;
Carl et al. 1967; Mayhood 2000). There was also a disjunct native
population in the South Thompson River (Fraser River Basin)
(Carl et al. 1967; Mayhood 2000). Westslope cutthroat were introduced into the Peace River Drainage, British Columbia.
Cutthroat trout distribution in Montana was described by
Jordan (1889); Evermann (1893); Evermann and Cox (1894);
Gilbert and Evermann (1895); Elrod (1929); Schultz (1942); Hanzel
(1959); Brown (1971); Roscoe (1974); Liknes (1984); Liknes and
Graham (1988); Marnell (1988); and Holton and Johnson (1996).
Hanzel (1959) found westslope cutthroat trout were present in
the following tributaries of the upper Missouri River: Cut Bank
Creek, Two Medicine Creek, Summit Creek, Milk River, Marias
River, Sun River, Belt Creek, Judith River, Musselshell River,
Gallatin River, Madison River, Jefferson River, Beaverhead River
and Big Hole River. Westslope cutthroat were present in the St.
Mary’s River drainage of the South Saskatchewan River Basin in
Glacier National Park (Schultz 1941; Hansel 1959; Marnell 1988).
Schultz (1941) also reported them in the Belly River but Marnell
(1988) did not find any during recent surveys. Westslope cutthroat
were also present in the following drainages in the Columbia
Basin, Montana: Flathead, Flathead (Middle Fork), Flathead
(North Fork), Flathead (South Fork), Swan River, Stillwater River,
Blackfoot River, Bitterroot River, Clark Fork River, and Kootenai
River (Hanzel 1959).
In Wyoming, Westslope cutthroat trout distribution was confined to the Gibbon and Madison Rivers, upper Missouri River
drainage, on the West side of Yellowstone National Park (Baxter
and Stone 1996).
In 1999, the USFWS compiled the following statistics about the
distribution of westslope cutthroat trout. In the Missouri River
headwaters region of southwestern Montana, westslope cutthroat
occur in about 340 tributaries or stream reaches that encompass
2,279 linear miles of habitat in 8 watersheds (Beaverhead, Bighole,
Boulder, Gallatin River, Jefferson, Madison, Red Rock, and Ruby
rivers). In the Missouri River, Montana, Westslope cutthroat trout
occur in about 617 tributaries of stream reaches that encompass
1,791 linear miles of habitat in 12 watersheds (Upper Missouri
River, Arrow Creek, Belt Creek, Box Elder Creek, Dearborn River,
Flat Willow Creek, Judith River, Musselshell River, Smith River,
Sun River, Teton River, and Two Medicine rivers).
The westslope cutthroat was most extensively distributed in
the Columbia Basin. In the Kootenai River drainage, Montana and
Idaho westslope cutthroat occur in about 260 tributaries or stream
reaches that collectively encompass 1,440 linear miles of stream
habitat in 5 watersheds (Upper Kootenai River, Lower Kootenai
River, Fisher River, Moyie River and Yaak River). In the Flathead

River Basin, Montana, westslope cutthroat occur in about 676
tributaries or stream reaches that encompasses 2,609 linear miles
of stream habitat in 6 watersheds (Upper Flathead River, Middle
Flathead River, lower Flathead River, Flathead Lake, South Fork
Flathead River, Stillwater River, Swan River).
In the Clark Fork River Basin, Montana, westslope cutthroat
occur in about 1,291 tributaries or stream reaches that encompass
5,166 linear miles of stream habitat in 6 watersheds (Upper Clark
Fork River, Middle Clark Fork River, Lower Clark Fork River,
Bitterroot River, Blackfoot River and Flint Rock Creek). In the Pend
Oreille River Basin, Idaho and Washington westslope cutthroat occur in about 119 tributaries or stream reaches that encompass 806
linear miles of stream habitat in 3 watersheds (Pend Oreille Lake
and River, Idaho, Pend Oreille River, Washington—including Box
Canyon and Boundary reservoirs and Priest Lake/ River Idaho).
Pratt (1985) determined the relative abundance of trout species
at 114 sites in 38 tributaries of Pend Oreille Lake, Westslope cutthroat were present at 79 sites in densities ranging from <1–56 cutthroat/100 m². Densities greater than 20 fish/100 m² were found at
only 6 sites. Highest densities were in sites above barriers to rainbow trout.
Jeppson (1955) reported that at the turn of the century (1900),
about 30,000 to 50,000 westslope cutthroat were harvested annually from Pend Oreille Lake and tributaries. Only 8,200 Westslope
cutthroat were harvested in 1953, and 766 were harvested in 1991
(USFWS 1999). This decline was most likely related to (1) overharvest, (2) the introduction of planktivorous kokanee salmon which
competed for limited resources in this extremely oligotrophic lake,
and (3) introduction of piscivores such as Kamloops rainbow trout
and lake trout which prey on young cutthroat trout.
In Priest Lake, Idaho, harvest rates of cutthroat trout declined
from about 30,000–50,000 in 1900, to 3,500 in 1956, to 1,000 in the
mid 1980s, to fewer than 100 in 1987 (Bjornn 1957, Mauser et al.
1988). This decline was attributed to a combination of (1) over harvest, (2) introduction of non-indigenous lake trout which prey on
the cutthroat, and (3) introduction of non-indigenous brook trout
which replaced native adfluvial and resident westslope cutthroat
trout in many Priest Lake tributaries (Bjornn 1957; Horner et al.
1987, 1988; Mauser et al. 1988; Davis et al. 1999).
No westslope cutthroat were among 340 fish captured in gill
net surveys conducted by IDFG in the Pend Oreille River, Idaho in
1986. In 1991 and 1992, 174 westslope cutthroat trout were among
50,000 fish captured during electrofishing and gill net surveys in
the Pend Oreille River, Idaho (Bennett and Dupont 1993).
In Box Canyon Reservoir of the Pend Oreille River, Washington,
electrofishing, gill net and beach seine surveys conducted by
Eastern Washington University (EWU) from 1989–1991 yielded 36
westslope cutthroat trout among 52,550 total fish sampled (Barber
et al. 1989, 1990; Ashe et al. 1991; Ashe and Scholz 1992). In 1989
and 1990, electrofishing, gillnetting and beach seining survey conducted by the University of Idaho (UI) yielded 21 westslope cutthroat trout among 29,213 total fish sampled (Bennett and Liter
1991). In 1992, Skillingstad et al. (1993) collected 2 westslope cutthroat among 5,815 total fish in Box Canyon Reservoir. In 2004,
only 2 westslope cutthroat 140–285 mm TL, were collected among
15,525 total fish collected by electrofishing, gillnetting and fyke netting at randomly selected sites throughout Box Canyon Reservoir
(Divens and Osborne 2008). Collectively, these data indicated that,
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in reservoir wide surveys, the relative abundance of cutthroat trout
has declined from 0.007% in 1989–1991 to 0.001% in 2004.
In Boundary Reservoir, Pend Oreille River, Washington, 2
westslope cutthroat trout, 312–375 mm TL, were among 1,930 total
fish captured in electrofishing and gill netting surveys conducted
by WDFW in 1999 and 2000 (McLellan 2000, 2001).
From 1995–2004, the Kalispel Tribe Department of Natural
Resources (KDNR) and WDFW conducted backpack electrofishing and snorkel surveys in 106 tributaries (551 reaches) of the Pend
Oreille River between Boundary Dam, Washington and the mouth
of the Priest River, Idaho. They found westslope cutthroat trout in
240 reaches of 53 different tributaries. They were primarily classified as resident westslope cutthroat based on their small sizes
and the fact that most of them were found above migration barriers. Moreover, KDNR operated migration traps on 11 tributaries
of Box Canyon Reservoir (Big Muddy, Cedar, Cee Cee Ah, Indian,
LeClerc (East Branch), LeClerc (West Branch), Middle, Mill, Ruby,
Skookum and Skookum North Fork creeks) in 1998, 1999 and
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2000 and found little evidence that cutthroat trout were making
fluvial or secondary adfluvial migration into them (Scott 1999,
Lockwood et al. 2001). Over the three year period they collected a
total of 42 westslope cutthroat trout in these traps, 13 migrating in
an upstream direction, 29 in a downstream direction in 8 of these
tributaries (Big Muddy, Cedar, Indian, LeClerc (East Branch),
LeClerc (West Branch), Middle, Mill and Ruby). Only one fish
(440 mm TL) was considered large enough to have been a fluvial
or secondary adfluvial fish.
Westslope cutthroat appear to be “holding on” in some tributaries of the Pend Oreille River and declining in others. Ashe and
Scholz (1992) sampled 4 reaches in each of 5 tributaries in 1989 and
found the average density of westslope cutthroat to be 3.3/100 m²
in Cee Cee Ah Creek, 0.5/100 m² in LeClerc Creek, 0.2/100 m²
in Ruby Creek, 0.6/100 m² in Skookum Creek and 3.9/100 m² in
Tacoma Creek. When these same tributaries were sampled by the
Kalispel Tribe from 1996–2004, they found an average (maximum)
density of westslope cutthroat trout to be 0.01 (0.2)/100 m² at
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15 reaches sampled in Cee Cee Ah Creek, 0.6 (2.6)/100 m² at 17
reaches sampled in LeClerc Creek, 1.4 (6.4)/100 m² at 11 reaches
sampled in Ruby Creek, 0.1 (0.4)/100 m² at 8 reaches sampled in
Skookum Creek, and 2.0 (7.3)/100 m² at 25 reaches sampled in
Tacoma Creek. Thus, Westslope cutthroat densities were about the
same in LeClerc Creek, improving in Ruby Creek, and declining in
Cee Cee Ah, Skookum and Tacoma Creeks.
Westslope cutthroat occur in at least 14 lakes in Pend Oreille
County, including: Browns, Crescent, Frater, Gillette, Kings,
Marshall, Mill Pond, Mystic, No-Name, Petit, Sherry, Sullivan,
Thomas and Yocum lakes (Nielson 1976; Duff et al. 1981; Vail et
al. 2001). Cutthroat trout were also planted in Fan Lake from 1952
until 1974 when an explosion in the population of pumpkinseed
and green sunfish made further cutthroat plants economically
unfeasible. Following lake rehabilitation with rotenone in 1975,
cutthroats were again planted in Fan Lake until about 1999. Since
1999, rainbow trout have been stocked in Fan Lake. WDFW conducted electrofishing, gill net, and fyke net surveys in Fan Lake in
2000 and collected no cutthroat trout among 822 total fish (Divens
et al. 2002b). Diamond Lake also contained planted cutthroat trout
until at least 1980 when 233 anglers caught 1,063 of them (Duff et
al. 1981). However, cutthroat plants have since been discontinued
in Diamond Lake and none were among 1,647 total fish captured
in electrofishing, gill netting and fyke net surveys conducted by
WDFW in 1999 (Phillips and Divens 2000b).
Cutthroat trout were first planted in Sullivan Lake in 1910. A
total of 2,587,297 cutthroat trout were planted in Sullivan Lake or
its inlet tributary, Harvey Creek, by WDFW in 1915–1923, 1933–1937,
1939, 1941, 1944, 1946–1947, 1949, 1959–1960, and 1984–1985 (Nine
and Scholz 2005). In 1994, a gill net survey conducted by WDFW
captured 2 cutthroat trout among 74 total fish. In 2003, 52 westslope cutthroat, 191–420 mm TL, were collected among 3,280 total fish in electrofishing and gill net surveys conducted in Sullivan
Lake by EWU (Nine and Scholz 2005) and 8 westslope cutthroat
282–376 mm TL, were among 69 total fish captured in gillnet surveys conducted by WDFW (Baldwin and McLellan 2005). From
about 1915 to 1922, the Washington Department of Fish and Game
trapped westslope cutthroat in Harvey Creek, stripped their eggs,
and raised them in an eyeing station they constructed on the creek.
For example, in 1915, 43,262 eggs were obtained from 110 females
in Harvey Creek (Darwin 1917). After they became eyed they were
transferred to the Spokane Hatchery and transplanted to many locations in Washington.
In the Spokane River Basin, Idaho and Washington, westslope
cutthroat occur in about 183 tributaries or stream reaches that encompass 1,533 linear miles of stream habitat in 2 watersheds (Coeur
d’Alene River and Lake, and St. Joe/St. Maries River, Idaho).
Cutthroat trout are rarely encountered in the Spokane River or its
tributaries in Washington.
Adfluvial cutthroat trout were once the most abundant fish in
Coeur d’Alene Lake (Mallet 1968). Cutthroat trout, bull trout and
mountain whitefish were the native salmonids in the lake. Coeur
d’Alene Lake is a meso-oligotrophic lake. Introduction of kokanee
in the 1940s provided a competitor for the limited resource base
(zooplankton) in the lake. Supplemental stocking of kokanee occurred through the early 1970s until they became self sustaining and overpopulated Coeur d’Alene Lake. Chinook salmon
were introduced in 1982 to control the overabundant kokanee.
Northern pike were illegally introduced into Coeur d’Alene Lake

in 1974 and rapidly expanded their population to encompass the
entire lake. They are flourishing throughout the lake at the present time (2008). Both species are known predators of cutthroat in
the Coeur d’Alene system (Rieman and Apperson 1989; Rich 1992;
Scott 2002). These introductions have contributed to reducing cutthroat in the lake to a fraction of former levels. For example, purse
seining operations conducted in Lake Coeur d’Alene in 1986 and
1987 yielded only 328 cutthroat trout (2.3%), compared to 13,934
kokanee (97.4%) and 10 Chinook salmon (0.3%) among 14,304 total
fish caught (Horton and Mauser 1988; Mauser et al. 1988). From
1994–2000, the Coeur d’Alene tribe conducted electrofishing and
gill netting surveys in the southern portion of Coeur d’Alene Lake
and captured 187 cutthroat trout among 24,247 total fish representing 18 species. From July, 2001 to June 2002, electrofishing and gill
net operations conducted throughout Lake Coeur d’Alene by the
Coeur d’Alene Tribe yielded 118 cutthroat trout among 3,891 total
fish (19 species) captured (Scott 2002).
Over harvest by anglers and poor logging practices in the tributaries have also contributed to the decline of adfluvial cutthroat
in Coeur d’Alene Lake (Mallet 1969; Rankel 1971; Laumeyer 1976;
Johnson and Bjornn 1978; Apperson et al. 1987, 1988; Dunnigan 1997;
Davis et al. 1997). Angling restrictions have slowed the rate of decline
but have not reversed it. For example, in a segment of the St. Joe
River between Spruce Tree campground and Ruby Creek, that was
designated catch-and-release, the number of westslope cutthroat
observed per transect averaged 49 in 1990 compared to 18 in 1998
(Davis et al. 1999). In another segment of the St. Joe River between
Avery, Idaho and Prospector Creek that was designated as catch and
keep, the number of westslope cutthroat observed per transect averaged 12 in 1990 compared to 3 in 1998 (Davis et al. 1999).
In the Spokane River, cutthroat trout are present between
the outlet of Coeur d’Alene Lake (RKM 176) and Post Falls Dam
(RKM 162.5). Rieman and Horner (1984) reported that 158 anglers
interviewed had caught 168 cutthroat in this reach in 1983. In the
reach of the Spokane River between Upriver (RKM 129.4) and Post
Falls (RKM 163.5), 4 cutthroat trout, 254–269 mm TL were among
1,847 total fish collected during electrofishing surveys conducted in
1980–1981 (Bailey and Saltes 1982). Seven westslope cutthroat were
among 2,335 total fish collected during electrofishing surveys between the Washington/ Idaho state line (RKM 153.1) and Post Falls
Dam (RKM 163.5), Idaho in 1985–1986 (Bennett and Underwood
1988; Underwood and Bennett 1992).
The number of westslope cutthroat in this reach has remained
stable in recent years. The number captured during electrofishing surveys conducted by WDFW/IDFG/WWP (Washington water
Power Company) between RKM 128.3 and 163.2 in 1990 was one
among 1,025 total fish sampled (Dupont and Horner 1990). Thirteen
westslope cutthroat trout, 311–381 mm TL, were among 222 total fish
captured during electrofishing surveys conducted by WDFW in 2003
between the Harvard Road Bridge (RKM 149.3) and the Washington/
Idaho state line (RKM 155.3) (McLellan 2004b). Six cutthroat trout
were among 445 total fish captured by boat electrofishing and gill
netting between Upriver Dam (RKM 129.4 and the Washington/
Idaho border (RKM 155.3) (O’Connor and McLellan 2008a).
In the segment of the Spokane River between Monroe Street
(RKM 118.7) and Upriver (RKM 127.6) dams, there is no record of
cutthroat trout. For example, Johnson (1993) reported no cutthroat
trout among 709 fish sampled in this segment in 1992. Also, no
westslope cutthroat trout were among 415 total fish captured in
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electrofishing and gill netting surveys conducted in this segment
of the river by WDFW in 2007 (O’Connor and McLellan 2008b).
The segment of the Spokane River between Nine Mile
(RKM 92.8) and Monroe Street Dam (RKM 118.7) dams is composed
of Nine Mile Reservoir and a free flowing portion of the Spokane
River between the head of Nine mile Reservoir and the tailrace of
the Monroe Street Dam. Both segments were sampled in 1987 by
Kliest (1987) who collected one westslope cutthroat among 60 total
fish by hook and line fishing in the free flowing segment and none
among 87 fish captured by electrofishing and gill netting in the
Nine Mile Reservoir. Both segments were sampled in 1991 by Smith
(1992) who collected no cutthroat among 206 total fish (9 species)
captured by electrofishing in the free flowing section or 556 total
(9 species) captured by electrofishing and gill netting in the Nine
Mile Reservoir. Both segments were sampled in 1992 by Johnson
(1993) who collected no cutthroat trout among 1,482 total fish (representing 7 species) in electrofishing in the free flowing segment or
238 total fish (3 species) captured by electrofishing and gill netting
in Nine Mile Reservoir. Both segments were also sampled in 2002
by McLellan (2003) who collected no cutthroat trout among 239
total fish (7 species) captured by drift boat electrofishing in the free
flowing segment or 1,272 total fish (15 species) captured by electrofishing and gill netting in Nine Mile Reservoir. In 2003, McLellan
(2004) found one cutthroat trout, 352 mm TL, among 660 total fish
(11 species) collected in the free flowing segment.
In the segment or the Spokane River between Long Lake
(RKM 52.8) and Nine Mile (RKM 92.8) dams no westslope cutthroat
trout were collected in gill net and/or electrofishing surveys conducted in 1971 (n = 46 total fish sampled; Earnest 1971), 1977 (n = 58
total fish sampled; Foster 1977), 1981 (n = 152 total fish, nine species, sampled; Fletcher 1981), or 1985 (n = 54 total fish, seven species, sampled; Pfeiffer 1985). No westslope cutthroat were found in
1988 and 1989 (n = 9,275 total fish, 18 species, sampled in 15 hours
of electrofishing and 64 gill net sets, Bennett and Hatch 1991; Hatch
1991), or 2001 (n = 5,791 total fish, 21 species captured, by 17.3 hours
of electrofishing, 56 gill net sets and 52 fyke net sets; Osborne et
al. 2003b).
In the segment of the Spokane River between Little Falls
(RKM 46.4) and Long Lake (RKM 52.8) dams, no cutthroat trout
were among 8,729 total fish, 21 species, captured in electrofishing
and gillnet surveys conducted at monthly intervals by EWU from
March 1992 to April 1993 (Heaton 1993). No cutthroat trout were
among 329 total fish, 10 species, captured during electrofishing
surveys, conducted in 2003 Little Fall Reservoir by EWU and the
Spokane Tribe (Scholz 2004).
In Lake Roosevelt, the reservoir behind Grand Coulee Dam,
16 westslope cutthroat, 215–411 mm TL, were among 36,851 total fish captured during electrofishing surveys conducted over a
10 year period (1998–2007) by EWU (McLellan et al. 2001, 2004,
2005, 2006, 2007; McLellan and Scholz 2001, 2002, 2003, 2008).
This included 2 cutthroat trout captured in the Spokane River arm
of the Reservoir between the confluence with the Columbia River
(RKM 0) and Little Falls Dam (RKM 46.4).
There are currently no westslope cutthroat trout in any of the
main tributaries of the Spokane River. For example, no cutthroat
trout were found among 33,864 total fish sampled in 249 reaches
in 23 tributaries of the Little Spokane River Basin in 2001, 2002
and 2003 (McLellan 2002, 2003, 2004). No cutthroat trout were
among 4,299 total fish sampled by backpack electrofishing in 22
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reaches of Latah Creek from 1998 to 2002 (Lee 2005). No cutthroat
trout were found among 7,007 fish sampled by electrofishing in 30
reaches of Deep and Coulee Creeks in 2004 (McLellan 2005). No
cutthroat trout were among 3,470 total fish sampled by electrofishing in 15 reaches of Chamokane Creek in 1986–1987 (Scholz et al.
1988a). Five cutthroat trout were among 3,285 total fish sampled in
8 reaches of Blue Creek in 1985 and 1987 (Scholz et al. 1986, 1988b).
No cutthroat were sampled among 408 total fish captured by electrofishing in five reaches of Spring Creek (Scholz 1985, 1988, 1999,
2001, 2003). No cutthroat trout were observed in Ente, Orzada,
Sand, Harker Canyon, Mill or Little Chamokane Creeks (Peone
1995, Crossley 2001, Butler and Crossley 2003, 2004).
Roscoe (1974) and Behnke (1979) speculated that during the
Wisconsin glaciation westslope cutthroat occupied a refuge in
Glacial Lake Missoula. Lake Missoula was formed by an ice dam
that blocked the Clark Fork River near where it joined Pend Oreille
lake in the Idaho Panhandle about 15,000 to 12,800 YBP. The Ice
Dam backed up water in Clark Fork, Bitterroot and Flathead valleys to a depth of 640 m (2,100 ft). The surface area of the lake
covered 3,000 square mile. The lake contained 500 cubic miles of
water, about one half the volume of Lake Michigan. The present
day city of Missoula, Montana at the eastern margin of the lake
was submerged under 950 feet of water as indicated by a wave cut
terrace on a mountain east of the city. Periodically, the ice dam
failed and the lake nearly emptied (380 of 500 cubic miles) within
a few hours to a few days! Water and icebergs surged out of the
outlet at an estimated at a rate of 9.5 cubic miles per hour (386
million cubic feet per second, a flow rate that was 10 times the flow
of all the world’s rivers. At least 40 of these glacial outburst floods
(jökulhlaups) swept in a southwesterly direction either through
the Rathdrum Prairie and Spokane River, or Little Spokane River,
at current velocities up to 50 miles per hour! These great floods
formed the channeled scablands of eastern Washington. See Bretz
(1923a, 1923b, 1925, 1927a, 1927b, 1928, 1930a, 1932a, 1932b, 1969);
Pardue (1910, 1942), Waitt (1980, 1984), Weis and Newman (1971),
Atwater (1984), Allen et al. (1986) for more details about the
Spokane floods or Lake Missoula floods.
Roscoe (1974) and Behnke (1979) speculated that westslope
cutthroat trout were transported by these flood events down the
Spokane River as far west as the Cascade Mountains into the
Methow, Chelan, Entiat, Wenatchee, Yakima and John Day rivers.
It also appeared likely that the jökulhlaups transported some cutthroat via the Palouse tract into the Snake River and, thence, into
the Tucannon River, Columbia and Garfield counties, Washington
and into the Clearwater and Salmon rivers, Idaho. Cutthroat trout
in each of these rivers have disjunct distributions.
In Stevens County, a westslope cutthroat trout (n = 1 of 151 total
fish) was collected by drift boat electrofishing in the Colville River
below Meyers Falls (McLellan 2003b). Neilson (1974) sampled 12
sites in the Colville River between Meyers Falls and its headwaters and collected no cutthroat trout. Neilson (1974) also compiled
creel statistics for the Little Pend Oreille Drainage, Stevens County,
from 1948–1972. He reported that 1,681 anglers interviewed had
caught 4,120 rainbow trout, 4,783 brook trout, and 326 cutthroat
trout. Westslope cutthroat trout have also been reported in the following streams in Stevens County: Beastrom Creek (a tributary
of the Colville River), Deep Creek (a tributary of the Columbia
River), Deep Creek (North Fork), Current Creek (a tributary of
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Deep Creek), Pierre Creek (a tributary of the Columbia River), and
Stranger Creek (a tributary of the Columbia River) (Neilson 1975).
Westslope cutthroat have been stocked in the following lakes
in Stevens County: Deep, Gillette, Heritage, Leo, Little Twin,
Pierre, Pepoon, Sherry, and Thomas lakes (Neilson 1976; Duff et
al. 1981; Vail et al. 2001). Of these, Gillette, Heritage, Leo, Sherry,
and Thomas are part of the Little Pend Oreille River chain of lakes.
These lakes generally provided between 2–3 cutthroat per angler
trip (Neilson 1976; Duff et al. 1991). Additionally, Deer and Loon
lakes historically received cutthroat plants in the 1930s and 1940s,
but none in recent years ( Scholz et al. 1988c). Waitts Lake was
planted with 18,560 cutthroat fingerlings in 1978. In 1979, 602 anglers were checked with 72 cutthroat (Duff et al. 1981). Pierre Lake
was surveyed by electrofishing, gill netting, and fyke netting in 2002
(Osborne and Divens 2004). Thirty-nine cutthroat trout, 238–310
mm TL, were among 2,417 total fish examined during this survey.
In Okanogan County, westslope cutthroat trout were present in
the Similkameen River, a tributary of the Okanogan River (Beecher
and Farnau 1982). Also, in recent years the Colville Confederated
Tribe have stocked several reservation waters with westslope cutthroat obtained from the WDFW Chelan Hatchery, including
Cody, Gold, Round, Summit, North Twin, and South twin lakes
(Arterburn and Christensen 2003b; Fairbanks et al. 2004; CCT
2005a, 2005b).
Westslope cutthroat are occasionally reported in the mid-Columbia reservoirs (Dell et al. 1975; Burley and Poe 1994; Pfeiffer et
al. 2001). For example, in 1992, one was collected in Rock Island
Reservoir and more were collected in Priest Rapids, Wanapum,
Rocky Reach, and Wells reservoirs (Burley and Poe 1994). In 1999,
fish were collected in Priest Rapids and Wanapum reservoirs by a
variety of techniques including: electrofishing, gill netting, set lines,
minnow trapping, and beach seining (Pfeiffer et al. 2001). One westslope cutthroat trout was among 4,044 total fish collected in Priest
Rapids Reservoir and two westslope cutthroat trout were among
54,009 total fish collected in Wanapum Reservoir during this survey. Also, no cutthroat trout were present among 838 total fish collected in the 11 principle tributaries to these reservoirs (Colockum,
Casey, Hanson, Irrigation, Return, Skookumchuck, Johnson,
Quilomene, Sand Hollow, Tarpiscan, Trinidad, and Whiskey Dick
creeks). Gray and Dauble (1977) reported that cutthroat trout were
seen occasionally in the Hanford Reach of the Columbia River.
In the Methow Basin, Washington, currently (2008) resident
and adfluvial forms westslope cutthroat trout occur in about 60
tributaries or stream reaches that encompass about 517 linear km of
stream habitat. They also occur in 43 lakes totaling about 312 acres
(WDFW 1998). Historically, westslope cutthroat were not present in
any lake in the Methow Basin. They were stocked there by WDFW
from eggs collected in tributaries of Lake Chelan. Historically,
westslope cutthroat trout occupied 8 stream reaches or tributaries
totaling 193 km in the Wenatchee Basin prior to hatchery propagation and widespread stocking (WDFW 1998).
Murdoch and Dunnigan (2002) counted 8 cutthroat trout
among 700 total fish during a snorkel survey conducted in the
Methow River. Williams and Mullan (1992) reported that in the
Methow Basin, westslope cutthroat were present in the Chewach,
Lost, Methow (West fork), Twisp and Twisp (South Fork) rivers
and in Andrews, Cedar, Crater, Foggy Dew, Goat, Lake, Robinson,
Twenty mile (South Fork), and Wolf Creeks. Mullan et al. (1992b)
provided the following information about the distribution of west-

slope cutthroat trout in the Methow Basin. They were rare in the
mainstem and more abundant in tributaries. In the Gold Creek
drainage they were present in Crater, Foggy Dew and Martin
Creeks. In the Libby Creek drainage, they were present in the
North and South Forks. In the Twisp River drainage they were
present above and below the falls at RKM 43.7, in the North Fork
and South Fork of the Twisp River, and in Buttermilk, Eagle, North,
Oval, South, and War Creeks. In the Chewack River drainage, they
were present below the falls at a RKM 41 and in Boulder, Boulder
(Middle Fork), Lake, 20 mile and 20 mile (South Fork) creeks. In
the Wolf Creek drainage they were present in the Wolf Creek and
its North Fork. In the Goat Creek drainage they were present in the
Goat Creek. In the Early Winters Creek drainage, they were present in Early Winters Creek (above the falls) and Cedar Creek above
and below the falls. In the Lost River drainage, they were present in
the Lost River. In the West Fork Methow River drainage, they were
present in the West Fork, Robinson Creek and Trout Creek.
Adfluvial westslope cutthroat trout were indigenous to (and
once abundant in) Lake Chelan (Brown 1984; Viola and Foster
2002). For example, the Chelan Valley Mirror newspaper reported
that one angler caught nine 2-lb cutthroat before breakfast (Vol.
3, No. 1, August 3, 1893) and that four anglers caught 101 cutthroat trout that averaged 1.75 lbs each in a days fishing (Vol. 28,
No. 16, April 18, 1918). Additionally, a photograph in Viola and
Foster (2002) shows 3 anglers who caught 87 fish between them
from Lake Chelan in December 1906. The fish look to weigh about
1.75–2.5 lbs each.
In the Lake Chelan Basin, Washington, Westslope cutthroat
trout historically occurred in 43 tributaries that encompassed
85 linear miles of stream habitat and two lake, (WDFW 1998a).
Presently, westslope cutthroat trout occur in 43 tributaries that encompass 150 linear miles of stream habitat and 26 lakes in the Lake
Chelan Basin (WDFW 1998), including Lake Chelan (33,104 acres).
Brown (1984) found that westslope cutthroat were present in
13 and absent in 10 of the 23 tributaries that enter Lake Chelan.
Densities of westslope cutthroat trout were 71/km in Bear Creek,
43/km in Big Creek, 820/km in Cascade Creek, 260/km in Castle
Creek, 764/km in Fish Creek, 236/km in Four Mile Creek, 64/
km in Lightening Creek, 76/km in Little Big Creek, 880/km in
Prince Creek, 40/km in Pyramid Creek, 196/km in Railroad Creek,
902/km in Riddle Creek, and 40/km in Safety Harbor Creek
(Brown 1984). Chelan County PUD (2000) observed 13 westslope
cutthroat trout among 41,250 total fish in Snorkel surveys of the
Stehekin River and its tributaries in 2000. Hillman et al. (2000)
noted that cutthroat trout were present in the Stehekin River, and
in Big, Cascade, Coyote, Fish, Grade, Graham, Prince, Pyramid,
Railroad and Safety Harbor creeks but absent in First, Gold,
Mitchell, Poison and Twenty-Five Mile creeks.
From 1909–1927, cutthroat trout eggs were “mined” when
adults ascended their natal tributaries during the spawning season
(April to mid-June). During these years as many as 13 traps were
installed on tributaries of Lake Chelan. Eggs were stripped from
the ripe fish and raised in a Washington Department of Fish and
Game hatchery that operated first on Boulder Creek (1909–1914),
then at Bear Trap Springs (1915–1927) and finally at Rainbow Creek
(in 1927). These eggs were water hardened at the hatchery then
shipped throughout the state of Washington for planting in many
streams. From 1909 to 1924, not a single fish produced from any of
these egg takes was stocked in a tributary of Lake Chelan, although
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some were planted directly into Lake Chelan. As a consequence
of this egg “mining”, the supply of cutthroat trout gradually began to decline in lake Chelan and its tributaries from about 1,697
cutthroat trapped in 1916 to only nine by 1927 (Brown 1984). The
hatchery was closed in 1927 due to the lack of fish.
By the time WDFG realized what was going on and began to
replace the lost production from 1924–1927 it was apparently too
late to restore the cutthroat fishery to its former greatness. This
restoration effort was further complicated by several factors.
1.

Lake Chelan was formerly blocked to anadromous
fish production by Chelan Falls on the Chelan
River below the Lake, so cutthroat had the lake to
themselves. They shared the lake only with bull trout,
largescale suckers, longnose suckers, northern pike
minnow, peamouth redside shiners, mountain whitefish, and burbot (Evermann 1899; Chapman 1941;
Bryant and Parkhurst 1951; Brown 1984; BioAnalysts
2000). WDFG began introducing rainbow trout into
Chelan Lake in 1913 (Darwin 1916a), so westslope
cutthroat trout now had to compete for food with
rainbow trout in a very unproductive lake. Lake
Chelan was classified as ultra oligotrophic by Brown
(1984). Also, cutthroat trout hybridized with the
rainbow trout, and rainbow genes began to introgress
into the cutthroat genome. Additionally, in 1916 and
1917, WDFG began to stock kokanee salmon into Lake
Chelan (Darwin 1917, 1920), forcing cutthroat trout
into competition with yet another exotic species.
Kokanee developed natural spawning populations in
tributaries that numbered in the tens of thousands.

2.

Considerable habitat degradation had also taken
place in the spawning tributaries by 1927 owing to
logging and mining in the watershed.

3.

In 1928, the Chelan Electric Company constructed
a hydroelectric dam at lakes outlet and began to
manipulate lake levels for power production. This
flooded some of the most productive spawning
gravels at the mouth of the Stehekin River, the lake’s
principle inlet and main producer of cutthroat trout.
Another effect of operating the lake for hydropower
production was to delay cutthroat spawning runs
into the creeks. Pre-hydro project records indicated that cutthroat historically migrated into lake
tributaries between mid-April and mid-June (Viola
and Foster 2002). Current lake level management
calls for the lake to be drawn down in April and May,
which prevents cutthroat from entering the tributaries because they are blocked by alluvial gravels that
are deposited at high stages of the lake and delay
spawning until June or July. The progeny lose months
of growth and, consequently, enter the winter at a
size and weight that does not provide them with
sufficient energy stores to survive (Viola and Foster
2002). These smaller progeny may also be susceptible
to predators for a longer period.

Despite these problems the cutthroat trout persisted in Lake
Chelan, albeit at lower levels of exploitation. For example, Brown
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(1984) conducted a creel survey in 1981 and 1982. He recorded that
4,319 anglers expended 13,538 hours to catch 352 cutthroat trout in
1981 and 8,571 anglers expended 23,857 hours to catch 334 cutthroats
in 1982. From 1974 to 1978 and 1990 to 2007, WDFG introduced
nonindigenous Chinook salmon into Lake Chelan. These plants
resulted in a self supporting, naturally reproducing population of
Chinook in Lake Chelan. From 1980 to 1983, and 1990 to 2000,
WDFG also introduced nonindigenous lake trout into Lake Chelan.
Both of these species are apex predators with potential to consume
cutthroat trout. Lake trout, in particular are known predators of
cutthroat trout. Lake trout were discovered in Yellowstone Lake
in 1994. Ruzycki and Beauchamp (1997), based on bioenergetics
simulation, estimated that 59,000 adfluvial Yellowstone cutthroat
trout (100–300 mm FL) were consumed for every 1,000 Lake trout
(>270 mm FL) per year. As a consequence the Yellowstone cutthroat populations entering tributaries of Yellowstone Lake have
declined precipitously in recent years.
Since planting of piscivorous predators began, there has been a
further decline in the cutthroat trout populations of Lake Chelan
to the point where very few are now caught. In the Lake Chelan
creel surveys conducted in 1999, anglers also caught 912 kokanee,
59 rainbow trout, 14 Chinook salmon, 88 lake trout, 2 burbot, and
24 smallmouth bass. The average and maximum weight of the
Chinook salmon harvested in the survey was 2.7 lbs and 12.1 lbs.
The average and maximum weight of lake trout harvested during
the survey were 5.5 and 24.4 lbs. In a creel survey conducted in Lake
Chelan from April to October 1999, a total of 1,959 anglers caught
just 3 cutthroat trout (Duke Engineering 2000). In creel surveys
conducted on the Stehekin River from July to September 2004,
21 anglers caught only 11 cutthroat trout, with an average (range)
length of 265 (178–425) mm TL and weight of 253 (38–920) g (Duke
Engineering 2001).
Chelan County Public Utility District (PUD) relicensed the
Chelan Hydro Project in 2004. As part of the relicensing agreement, the PUD was required to remove the alluvial deposits at the
mouths of tributaries and modify its lake level management strategy to provide better access of spawning westslope cutthroat trout
into them. Also, WDFW intends to replace its annual stocking of
100,000 catchable sized (3–5 fish/lb) non-native rainbow trout with
100,000 catchable size native westslope cutthroat trout from Twin
Lakes hatchery. Twin Lake cutthroat broodstock originated from
Lake Chelan. Eighty percent of the catchable cutthroat will have
their adipose fin clipped off and anglers will be allowed to keep adipose clipped cutthroat only. This should ensure that the remaining
20% will be protected from harvest and escape to spawn (Viola and
Foster 2002). Additionally, WDFW will release 60,000 eyed eggs
each into First and 25-mile creeks annually in an attempt to imprint them to these tributaries. These would have their adipose fin
left intact and would, thus, be protected from harvest (Viola and
Foster 2002). If it can be demonstrated through monitoring (by
conducting spawning ground surveys) that this program is successful, WDFW intends to duplicate it in other spawning tributaries
in future years.
WDFW also plans to manage the Chinook populations in Lake
Chelan to provide sufficient numbers to maintain a sport fishery
but not so many as to interfere with rebuilding the cutthroat population (Viola and Foster 2002). However, the plan was short on
details as to how this balance was to be achieved. Over the short
term at least, the plan calls for increasing Chinook above the pres-
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ent number. Chinook salmon that were stocked in Lake Chelan
from 1974–1978 developed naturally spawning populations in the
tributary streams. No Chinook were stocked from 1979 to 1990.
From 1990 to 2000, about 100,000 adipose fin clipped Chinook
salmon, ranging from 31–32 fish per pound, were released annually into Lake Chelan in the spring. No Chinook with fin clips
have been caught during the annual salmon derby, leading to the
conclusion that naturally reproduced Chinook are supporting the
fishery and that adipose clipped Chinook simply disappeared in
Lake Chelan possibly because these small sized fish became smolts
and emigrated from the lake. The WDFW plan calls for replacing
the 100,000 diploid Chinook that are currently stocked annually
in Lake Chelan with 100,000 triploid fish that would be stocked
into net pens in Lake Chelan where they would be held until they
reached a size of 3.5/lb. They will be released in September after the
smolt stage is past and their urge to emigrate downstream out of
Lake Chelan is reduced. Triploid fish grow to exceptional sizes and
consequently must eat more forage than diploid fish. Therefore, I
do not see how this plan will reduce predation on cutthroat trout.
Instead, it will add about 100,000 Chinook salmon to those naturally reproduced Chinook already in the lake, which can only increase levels of predation on cutthroat trout.
WDFW had discontinued stocking of non-native Lake trout in
lake Chelan and changed regulations which formerly restricted
harvest of lake trout, to allow unlimited harvest of lake trout by
anglers. These efforts should reduce predation on native cutthroat
trout. It is presently unknown if lake trout are naturally spawning
in Lake Chelan.
In the Entiat River Basin, Washington westslope cutthroat occur predominantly in high elevation reaches of the mainstem and
in tributaries (Mullan et al. 1992b). They were described “common” in the Mad River, the principle tributary is the Entiat, above
Cougar falls (RKM 22.2) (Mullan et al. 1992b).
Westslope cutthroat trout are rare in the Wenatchee River basin,
Washington where they were confined to a few tributaries. For example, Murdoch and Dunnigan (2002) did not observe any among
884 total fish during snorkel surveys conducted on the Wenatchee
River mainstem, or among 164 fish in Icicle Creek, but they did
observe 5 among 236 total fish in Nason Creek in 2001. In 2003,
4 cutthroat were among 5,410 total fish counted in Nason Creek
(Murdoch et al. 2005). In 2005, 2 cutthroat were among 5,848 total fish counted in Nason Creek (Murdoch et al. 2006). Prevatte
and Murdoch (2005) also observed westslope cutthroat in Nason
Creek. Cutthroat trout also inhabit the Chiwawa River, tributary
of the Wenatchee River, where 96 cutthroat were observed in 1998
(Hillman and Miller 1999), 80 were observed in 1999, (Hillman
and Miller 2000), 44 were observed in 2001, (Hillman and Miller
2002a), 49 were observed in 2002, (Hillman and Miller 2002b), 34
were observed in 2003, (Hillman and Miller 2004a), 20 were observed in 2004, (Hillman and Miller 2004b), and 23 were observed
in 2005 (Hillman and Miller (2005). In 2005, westslope cutthroat
were also present in Phelps Creek, tributary of the Chiwawa River
(Hillman and Miller 2005). Mullan et al. 1992b also noted the presence of westslope cutthroat trout in the Little Wenatchee River.
In the Yakima River Basin, 3 cutthroat trout were among 34,773
total fish sampled during electrofishing of 34 reaches of the mainstem in Benton, Yakima and Kittitas counties in 1957–1958 (Patten et
al. 1970). All three were taken at one site (RKM 169). In 1997–1999,
no cutthroat trout were among 1,041 fish collected near Prosser Dam

(RKM 75.4) in Benton County, 3,234 fish collected near Sunnyside
Dam (RKM 166.1) in Yakima county, or 3,564 fish collected near Roza
Dam (RKM 204.6) in Kittitas county (Karp et al. 2002). Westslope
cutthroat are more prevalent in tributaries of the Yakima than in
the mainstem, particularly in higher elevations reaches (above 3,300
feet) above where rainbow trout occur, where they are present at
densities ranging from >1 to about 5/100 m² (Dunnigan 1992).
The following list of tributaries where westslope cutthroat
are known to occur was compiled from Mongillo and Faulconer
(1980, 1982); Faulconer and Mongillo (1981); Fast et al. (1989);
Hindeman et al. (1991); McMichael et al. (1991); Pearsons et al.
(1993, 1994, 2001a, 2001b, 2002, 2003a, 2003b, 2004c); Cummings
and Anderson (1995); Dunnigan (1999); Williams et al. (1997);
Anderson (1998, 1999, 2000, 2001, 2002, 2003, 2004); and
Cummings et al. (2001). Streams are listed alphabetically and
include: Cle Elum, Clem Elum (North Fork), Cle Elum (South
Fork), Naches, Naches (Little), Naches (Middle fork), Naches
(North Fork), Naches (South Fork), Teanaway, Teanaway (North
Fork), Teanaway (South Fork), Teanaway (West Fork), Tieton,
Tieton (North Fork), Tieton (South Fork) rivers. Westslope cutthroat were also found in smaller tributary streams in the Yakima
Basin (listed in alphabetical order): Ahtanum, Ahtanum (Middle
Fork), Ahtanum (North Fork), Ahtanum (South Fork), Badger,
Baker, Bear, Beverly, Big, Cabin, Cold, Cowiche, Cowiche (South
Fork), Cronan, Dick, Dirty, Dog, Dry, Fall, Gray, Hall, Iron,
Jungle, Little Wildcat, Lost, Manastash, Mill, Mirriam, Mosquito,
Naneum, Niles, Oak, Oak (North Fork), Pile Up, Quartz, Quartz
(South Fork), Rattlesnake, Rattlesnake (Little), Rattlesnake (North
Fork), Reynolds, Rocky, Scatter, Short, Standup, Swauk, Taneum,
Taneum (North Fork), Taneum (South Fork), Umtanum, Wenas,
Willow and Wilson creeks. Trotter et al. (1999) found genetically
pure westslope cutthroat trout in Ahtanum (North Fork), Cabin,
Meadow, Naneum, and Toppenish (South Fork) creeks. They also
found cutthroat hybridized with rainbow rout (# of hybrids/total #
fish examined) in Big (1/21), Little Naches (2/20), Red Rock (2/10),
Taneum (North Fork) (1/21) and Wilson (1/21) creeks.
Westslope cutthroat are present in Bumping and Rimrock reservoirs, Yakima county, and Cle Elum, Kachess, Little Kachess, and
Keechelus Lake in Kittitas County (Mongillo and Faulconer 1980,
1982; Faulconer and Mongillo 1981; Anderson 2000; Cummins et
al. 2001). Westslope cutthroat were reported in 20 high mountain
lakes in Yakima and 21 high mountain lakes in Kittitas counties
(Cummins and Anderson 1995; Anderson 1998, 1999, 2000, 2001,
2002, 2003, 2004, 2005; Cummings et al. 2001). Yakima county lakes
included: American, Anna, Blankenship, Cirque, Clear, Conrad,
Deer, Devils Wash Basin, Fish, Gold, Gold Hill, Hell, Janet, Lily,
Long John, Otter, Placer, Pleasant Valley, Swamp and Tumas lakes.
Kittitas County Lakes included: Alaskan, Chickamin, Chikamin
Potholes No. 1, Chikamin Potholes No. 2, Cooper, Crow Creek,
Deer, Diamond, Ivanhoe, Joe, Lost, Rachel, Rebecca, Rowena,
Shovel, Spade, Spectacle, Swamp, Terrance, Vincent, and Waptus
lakes. Of these, naturally reproducing populations occur in Placer
Lake (Yakima county) and Chikamin, Ivanhoe, Rebecca, Rowena,
Shovel, and Terrance lakes (Kittitas County) (Anderson, Ibid.).
In the Klickitat basin, Klickitat and Yakima Counties,
Washington westslope cutthroat were rare (Fast et al. 1989). A few
were present above Castile Falls in Diamond Creek and nowhere
else (Fast et al. 1989).
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In the John Day River Basin, Oregon, westslope cutthroat trout
occur in about 51 tributaries or stream reaches that encompass 315
linear miles of habitat in two watersheds (Upper John Day River
and Upper North Fork John Day River).
In the Clearwater Basin, Idaho, westslope cutthroat trout occur
in about 265 tributaries or stream reaches that encompass 2,903 linear miles of habitat in 5 watersheds (Lower Clearwater River, North
Fork Clearwater River, South Fork Clearwater River, Lochsa River
and Selway River). Cutthroats are rare in the Clearwater drainage.
Maughan (1976) conducted electrofishing surveys at 114 locations
from throughout the drainage, including about 25 in the North Fork,
21 in the South Fork, 18 in the Selway, 12 in the Lochsa, and the remainder from the mainstem and smaller tributaries. Cutthroat were
found at only 6 sites, two in the North Fork, one in the Lochsa, two in
the Selway and one in a minor tributary. In each case, cutthroats were
present only at the uppermost sites sampled in each of these streams.
In the Salmon River Basin, Idaho, westslope cutthroat trout
occur in about 370 tributaries or stream reaches that encompass
4,078 linear miles of habitat in 8 watersheds (Lower Salmon River,
Middle Salmon River, Upper Salmon River, Middle Fork Salmon
River, South Fork Salmon River, Little Salmon River, Lemhi River
and Pahsimeroi River).
Between 1907 and 1922, the Washington Department of Game
stocked at least 18,530,323 westslope cutthroats at 255 locations in 21
eastern Washington Counties. Nearly 46% (n = 8,478,173) were planted
at 69 locations in Chelan County. Total numbers planted by county include: 119,580 at one location in Adams County; 172,220 at 3 locations
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in Asotin County; 6,000 at one location in Benton County; 342010
at 8 locations in Columbia County; 113,650 at 4 locations in Douglas
County; 269,435 at 13 locations in Ferry County; 266,222 at 4 locations
in Garfield County; 198,293 at 4 locations in Grant County; 884,715
at 22 locations in Kittitas County; 260,710 at 6 locations in Klickitat
County; 357,570 at 6 locations in Lincoln County; 664,902 at 17 locations in Okanogan County; 122,770 at 12 locations in Pend Oreille
County; 102,140 at 5 locations in Skamania County; 1818,201 at 14 locations in Spokane County; 1,206,650 at 18 locations in Stevens County;
833,351 at 7 locations in Walla Walla County; 100,450 at 3 locations in
Whitman County; and 887,131 at 8 locations in Yakima County.
Between 1933 and 2007, the Washington Department of Fish
and Wildlife stocked 56,403,604 westslope cutthroat trout at 864
locations in 15 of 21 eastern Washington counties. These plants
included: 17,865 stocked at 2 locations in Adams County; 0 in
Asotin County; 0 in Benton County; 14,046,383 stocked at 210 in
Chelan County; 0 in Columbia County; 10,125 at one location in
Douglas County; 0 in Franklin County; 1,274,731 at 16 locations
in Ferry County; 0 in Garfield County; 626,100 at 11 locations in
Grant County; 2,256,251 at 108 locations in Kittitas County; 134,742
at 8 locations in Klickitat County; 5,540 at 1 location in Lincoln
County; 2,700,868 at 145 locations in Okanogan County; 13,189,138
at 94 locations in Pend Oreille County; 3,274,219 at 112 locations
in Skamania County; 3,055,669 at 15 locations in Spokane County;
12,223,651 at 44 locations in Stevens County; 1,020 at 1 location in
Walla Walla County; 0 in Whitman County; 3,586,981 at 96 locations in Yakima County.
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PINK SALMON
Oncorhynchus gorbuschca (Walbaum, 1792)
Primary Identification

Confirming Characters

1.

Adipose fin present.

1.

Lateral line scales 169–229 (very small scales).

2.

Axillary process present at front end of pelvic fins.

2.

Gill rakers 24–35.

3.

Dark spots on light background. Black mouth.

3.

Pyloric caeca 95–225.

4.

Anal fin with >13 rays (range: 13–19).

4.

5.

Large, oblong black spots on back above lateral line
and on both lobes of caudal fin (some spots as big as
diameter of eye).

Large hump on back in front of dorsal fin in spawning males. Breeding males also with pronounced
kype on upper and lower jaws and hint of rosy blush
on sides.

Figure 16.19

Pink male salmon in spawning coloration, Lower Columbia River, WA. Inset (top left) shows detail of salmon fresh from
the ocean and one (top right) with a pronounced nuchal hump.

Similar Species
1.

Other Pacific salmon (Chinook, chum, coho, sockeye/ kokanee). No other Pacific salmon has such
large spots as pink salmon.

2.

Pacific trout (cutthroat, rainbow), Atlantic salmon
and brown trout usually have white mouths, <12 anal
rays and spawning kype on lower jaw of sexually
mature males.

3.

Pronunciation
Oncorhynchus - On-co-rhyn-chus (On-co-rhyn-kus)
gorbuscha - gor-bus-cha (gor-busch-ka)

Common Name(s)
Pink Salmon (AFS name). Humpback salmon, Puget Sound
salmon; gorbuscha (Kamchatkan native name), hunua (Lummi
Indians), huddah (Nisqually Indians) (Suckley 1874: 97).

Charr (brook, bull and lake trout) have light spots on
a dark background.

Systematic Notes

Etymology
Oncorhynchus: (G.) Onco-= hooked and -rhynchus= snout.
Hooked snout. A reference to the spawning kype that develops on
the upper jaw of males as a secondary sex character in this species.
gorbuscha: The Kamchatkan native name for the pink salmon.

Specimens from Kamchatka were first described as Salmo gorbuscha by Walbaum (1792). Later described as Salmo proteus by Pallus
(1811), and Salmo scouleri by Richardson (1836). Placed in subgenus
(Oncorhynchus) by Suckley (1861). Suckley’s Oncorhynchus was elevated to the generic rank by Günther who called the pink salmon
Oncorhynchus proteus and Oncorhynchus scouleri. In 1878, David
Starr Jordan became aware of Walbaum’s names and he called the
pink salmon Oncorhynchus gorbuscha and synonymized O. proteus
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and O. scouleri with this name. All authors since then have called
the pink salmon O. gorbuscha.

Scientific synonyms
Salmo gorbuscha original description.
Walbaum, (1792: 69).

Salmo gibber sp. nov.

Bloch and Schneider (1801: 409).

Salmo proteus sp. nov.
Pallus (1811: 376).

Salmo scouleri sp. nov.

Richardson (1836: 158).

Salmo proteus Pallus

Suckley 1860: 339; 1874: 97); (Stone 1878: 816).

Salmo (Oncorhynchus) proteus Pallus
Suckley (1862: 313; 1874: 97).

Salmo gibber Bloch and Schneider
Suckley (1858: 6).

Oncorhynchus proteus Pallus
Günther (1866: 157).

Oncorhynchus scouleri Richardson
Günther (1866: 158).

Oncorhynchus gorbuscha Walbaum

Jordan (1878: 71, 1880: 356); Jordan and Gilbert (1881: 457,
1883: 305); Bean (1888: 308); Gilbert and Evermann (1895: 48);
Jordan and Starks (1895: 791); Jordan and Evermann (1896–
1900: 478); Doane (1902: 69); Evermann and Goldsborough
(1907: 101); Schultz (1929: 45; 1931: 14; 1936: 133); Jordan,
Evermann, and Clark (1930: 54); Schultz and Hanson (1935: 7);
Schultz and DeLacy (1935/1936: 370); Chute et al. (1948: 16);
Bailey et al. (1960: 11, 1970: 17); McPhail and Lindsey (1970: 183);
Hart (1973: 108); Scott and Crossman (1973: 148, 1998: 148);
Morrow (1974: 43, 1980: 64); Wydoski and Whitney (1979: 54;
2003: 65); Lee et al. (1980: 92); Robins et al. (1980: 18); Moyle
(1976: 123, 2002: 266).

Oncorhynchus gorbuscha

Eschmeyer et al. (1983: 76); McGinnis (1984: 121); Page and Burr
(1991: 53); Behnke (2002: 43).

Oncorhynchus gorbuscha (Walbaum, 1792)

Robins et al. (1991: 28); Mecklenburg et al. (2002: 205); Nelson
et al. (2004: 86); Scholz and McLellan (2009: 177; 2010: 429).

Distribution and Stock Status
Pink salmon have a circum-north Pacific distribution. They occur from Peter the Great Bay in the Sea of Japan, north to the Sea
at Okhotsk and Bering Seas. They also occur in Bristol Bay south
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to the Sacramento River, California, but established populations
occur only as far south as Puget Sound Washington (Heard 1991).
In the Sacramento, Columbia, Fraser and Skeena Rivers, pink
salmon are generally more abundant along the coast than in the
interior. They seldom penetrate more than 160 km inland (McPhail
and Lindsey 1970), although one stock in the Fraser Basin migrates
560 km inland to the South Thompson River, British Columbia
(Neave 1966).
In Washington, pink salmon are especially abundant in Puget
Sound and in rivers that enter the Straits of Juan de Fuca east of
Port Angeles, Washington. Along the north coast (West of Port
Angeles) and west coasts of the Olympic Peninsula, including the
Sekiu, Hoko, Ozette, Quillayute, Hoh, Queets, Quinault, Moclips,
Humptulips, and Naselle rivers, pink salmon are rare and do not
spawn in every odd year.
Pink salmon are rare in the Columbia River Basin. Counts of
pink salmon in the fish ladders at Bonneville Dam between 1938
and 2010 have totaled 3,190 fish, averaged 44 fish/year and ranged
from 0–637/year during the interval. During the most recent 10
year interval (2001–2010) a total 839 pink salmon have been
counted in the fish ladder at Bonneville Dam. The average number was 93/year (Tables 5.5 [Volume I, page 234] and 16.20). The
farthest up the Columbia they have ascended is to the reservoir behind McNary Dam. The farthest they have ascended up the Snake
River is to Lower Granite Dam, which is located 625 km from the
ocean (Basham and Gilbert 1978). Relatively large numbers of pink
salmon ascended above Bonneville Dam in 1975 (n = 309), 1991
(n = 550), and 2003 (n = 637). In 2003, counts of pink salmon were
127 at the Dallas Dam, 18 at John Day dam, 51 at McNary Dam
and 0 at Priest Rapids, Rocky Island, and Rocky Reach and Wells
dams on the Columbia River; and 12 at Ice Harbor Dam, 3 at Lower
Monumental Dam, 4 at Little Goose Dam, and 1 at Lower Granite
Dam on the Snake River.
In 1975, 309 pink salmon were counted in fish ladders at
Bonneville Dam, 0 at the Dalles Dam, 45 at John Day Dam, 0
at McNary Dam, 0 at Ice Harbor Dam, 0 at Lower Monumental
Dam, 12 at Little Goose Dam, and 0 at Lower Granite Dam.
Additionally, 2 and 1 were respectively collected in traps at Little
Goose and Lower Granite dams, operated by the National Marine
Fisheries Service (Basham and Gilbert, 1978). Also, 5 spawned out
pink salmon carcasses (4 female, 1 male) were recovered during
spawning survey’s conducted in the lower Tucannon River in 1975
(Basham and Gilbert 1978). The Tucannon River joins the Snake
River below Little Goose Dam.
Pink salmon occasionally spawn in the Columbia Basin, but
not in every odd year. Locations where significant spawning sometimes occurs is in the Cowlitz River where WDFW biologists observed 225 pink salmon redds in 1991, and in the Chehalis River
where WDFW biologists observed <500 adults, typically between
10–100 adults in most odd years.
Pink salmon were transplanted into Lake Superior where they
have established natural spawning populations that spawn in
tributaries of the lake (Kwain and Laurie 1981). They remain landlocked in Lake Superior and use the Lake as a surrogate ocean.
They have also strayed into the other Great Lakes and established
natural spawning populations.
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Table 16.21

Counts of pink salmon passing fish ladders at Columbia River and Snake River dams over the period of record and the most
recent 10 year interval (2001–2010) at each dam. C = Columbia River, S = Snake River.

RKM

Period of record (years)

Average count for
period of record

Period for most recent
10 year interval

Average count for most
recent 10 year interval

Bonneville

C 232.8

1938–2010

44

2001–2010

93

The Dalles

C 306.7

1957–2010

10

2001–2010

22

John Day

C 345.0

1968–2010

2

2001–2010

4

McNary

C 476.0

1954–2010

4

2001–2010

7

Priest Rapids

C 635.2

1960–2010

0

2001–2010

0

Wanapum

C 664.0

-

-

2006–2010

0

Rock Island

C 724.8

1977–2010

0

2001–2010

0

Rocky Reach

C 758.8

1977–2010

0

2001–2010

0

Wells

C 825.3

1977–2010

0

2001–2010

0

Ice Harbor

S 15.5

1992–2010

1

2001–2010

1

Lower Monumental

S 66.6

1992–2010

<1

2001–2010

<1

Little Goose

S 112.5

1975–2010

<1

2001–2010

<1

Lower Granite

S 171.2

1975–2010

<1

2001–2010

<1
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CHUM SALMON
Oncorhynchus keta (Walbaum, 1792)
Primary Identification

Confirming Characters

1.

Adipose fin present.

1.

Lateral line scales 124–153.

2.

Axillary process present at front of pelvic fins.

2.

Gill rakers 19–26.

3.

Spots usually absent.

3.

Pyloric caeca 140–186.

4.

Anal fin with >13 rays (range: 13–17).

4.

Conspicuous canine teeth.

5.

The mouth and gums are white but the tongue is black.

5.

6.

Caudal fin with a distinct V-shape. Narrow caudal
peduncle.

Spawning males with kypes on upper jaw. Lower
jaw with nearly as pronounced hook as upper jaw.
Breeding colors are splotchy gray, dull red and white
that resembles streaky paint.

Figure 16.21

Chum salmon male in spawning coloration, Ives Island, Columbia River, Skamania County, WA. Inset shows coloration of
a chum salmon fresh from the ocean. Photo courtesy of Alix Blake.

Similar Species
1.

2.

3.
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Etymology

Other Pacific salmon (Chinook, coho, pink, sockeye/
kokanee). Chinook, coho and pink have spots on
back and dorsal fin. Chum and sockeye salmon usually lack spots. Chum distinguished from sockeye by
counting the gill rakers on the first gill arch: gill rakers 19–26 short, stout and widely spaced in chum; gill
rakers 30–40 long, slender and spaced close together
in sockeye.
Pacific trout (cutthroat, rainbow), Atlantic salmon
and brown trout usually have white mouths, <12 anal
rays and spawning kype on lower jaw of sexually
mature males.
Charr (brook, bull and lake trout) have light spots on
a dark background.

Oncorhynchus: Onco-= hooked and -rhynchus= snout. Hooked
snout. A reference to the spawning kype that develops on the upper jaw of males as a secondary sex character in this species.
keta: The Kamchatkan native name for the chum salmon.

Pronunciation
Oncorhynchus - On-co-rhyn-chus (On-co-rhyn-kus)
keta - kĕ-tă

Common Name(s)
Chum salmon (AFS name). Dog salmon, Lekai (Chinook jargon),
calico salmon (so named because spawning coloration of this
species resembles green, red, purple, white and gray paint that
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have been splattered on the sides and dried in streaks), o-le-arah
(Chinook name for chum salmon) (Smith 1881: 392), the word
means “striped” or “variegated” and is descriptive of the streaks and
blotches that form on the body at spawning time” (Behnke 2002),
keta (Nanai word that means fish, Kamchatkan native name).

Oncorhynchus keta (Walbaum, 1792)

Robins et al. (1991: 28); Mecklenburg (2002: 208); Nelson et al.
(2004: 86); Scholz and McLellan (2009: 179; 2010: 431).

Oncorhynchus keta

Eschmeyer et al. (1983: 76); McGinnis (1984: 12); Page and Burr
(1991: 52); Behnke (2002: 51).

Systematic Notes
First described as Salmo keta vel kayko by Walbaum (2792: 72) based
on the collection made by George Wihelm Steller in Kamchatka.
Later called Salmo lagocephalus Pallus (1811), Salmo dermatinus
Richardson (1854), Salmo consuetus (Richardson 1854), and Salmo
canis Suckley (1858). Placed in the subgenus Oncorhynchus and
called Salmo (Oncorhynchus) canis by Suckley (1862: 313, 1874: 101).
Günther elevated Oncorhynchus to the generic rank and called
the chum salmon Oncorhynchus lagocephalus. Jordan (1878) became aware of Walbaum’s name and synonymized Oncorhynchus
lagocephalus, Salmo dermatinus, Salmo consuetus and Salmo
(Oncorhynchus) canis with Oncorhynchus keta. The name has remained stable since then.

Scientific synonyms
Salmo keta vel kayko original description.
Walbaum (1792: 72).

Salmo lagocephalus sp. nov.
Pallus (1811: 372).

Salmo dermatinus sp. nov.
Richardson (1854; 167).

Salmo consuetus sp. nov.
Richardson (1954: 168).

Salmo canis sp. nov.

Suckley (1858:9, 1860: 341).

Salmo (Oncorhynchus) canis Suckley
Suckley (1862: 313, 1874: 101).

Salmo (Oncorhynchus) dermatinus Richardson
Suckley (1862: 313)

Salmo (Oncorhynchus) consuetus Richardson
Suckley (1862: 313)

Oncorhynchus lagocephalus (Pallus)
Günther (1866: 161)

Oncorhynchus keta (Walbaum)

Jordan (1878: 171, 1880: 357); Jordan and Gilbert (1881: 13,
1881: 457, 1883: 305); Bean (1888: 308); Jordan and Starks
(1895: 791); Gilbert and Evermann (1895: 48); Jordan and
Evermann (1896–1900: 479); Doane (1902: 69); Snyder
(1908: 183); Schultz (1929: 45, 1931: 14, 1936: 134); Schultz and
Hansen (1935: 7); Schultz and DeLacy (1935/1936: 370); Jordan,
Evermann, and Clark (1930: 54); Chute et al. (1948: 10); Bailey
et al. (1960: 11; 1970: 17); McPhail and Lindsey (1970: 179); Hart
(1973: 112); Scott and Crossman (1973: 153; 1998: 153); Morrow
(1974: 45; 1980: 69); Moyle (1976: 125; 2002: 269); Wydoski and
Whitney (1979: 63; 2003: 68); Lee et al. (1980: 93); Robins et al.
(1980: 18); Simpson and Wallace (1982: 18).

Distribution and Stock Status
In northeast Asia, chum salmon range from the Naktong River,
South Korea (35°N latitude, 125°E longitude) to the Arctic Ocean,
and west along the Arctic coast to the Lena River, Siberia (73°N latitude, 125°W longitude) (Soldatov and Lindberg 1930). In western
North America, chum salmon range from the Sacramento River,
California (37° 50`N latitude, 122°W longitude) to the Arctic coast
and east along the arctic coast to the Mackenzie River (69°N latitude, 135°W longitude) (Dymond 1940; McPhail and Lindsey 1970).
It ascends the Yukon River to its headwaters and the McKenzie
River to Great Bear and Great Slave Lakes about 1,600 km from
the sea (McPhail and Lindsey 1970; McLead and O’Neil 1983). They
ascend the Fraser River to spawning grounds in the Adams and
Thompson Rivers about 350 km above the mouth (Welch and Tills
1996). Although chum are clearly capable of migrating long distances upriver, they rarely ascend rivers more than 150 km above
the ocean because they usually lack persistence in surmounting
falls (Johnson et al. 1997).
Fulton (1970) described the spawning areas of chum salmon
in the Columbia River Basin. Of the 25 areas described only three
were above Bonneville Dam; Rock Creek (RKM 240), Herman
Creek (RKM 242) and Little White Salmon River (RKM 259).
Chum salmon historically ascended the Columbia River to
Celilo Falls (RKM 334). The annual historic run size into the
Columbia was estimated at 1,392,000 chum salmon (NPPC 1987).
The maximum number caught in the commercial fishery was
approximately 700,000 fish in 1928 (Hoffman 2001). During the
decade of the 1940s, this number declined to an average (range)
of 197,100 (22,600–425,100) chum salmon entering the river per
year. Decline continued in the decades of the 1950s, 1960s, and
1970s which respectively had an average (range) of 21,900 (4,200–
58,900), 2,430 (600–5,700), and 1,300 (300–2,400) chum salmon
entering the Columbia River. Conditions did not improve in the
decades of the 1980s or 1990s in which the average (range) in run
size was respectively 2,100 (500–4,800) and 2,600 (1300–4,900)
chum salmon.
Not very many of these fish made it above Bonneville Dam
(RKM 234) (Table 16.22). Counts of chum salmon ascending the
fish ladders at Bonneville Dam averaged (ranged) 1,837 (199–5,269)
in the 1940s, 988 (318–1,728) in the 1950s, 625 (79–1026) in the
1960s, 37 (1–209) in the 1970s, 57 (4–147) in the 1980s, and 28 (5–
47) in the 1990s. Even fewer fish ascended above the Dalles Dam
(RKM 306). Counts of chum salmon ascending the Dalles Dam averaged (ranged) 44 (25–75) for 1957–1959, 6 (0–35) in the 1960s, 0
(0–0) in the 1970s, 0.5 (0–3) in the 1980s. Since 1990 only 2 chum
salmon have been counted at the Dalles Dam, 1 in 2002 and 1 in
2006. Since 1990, 98 chum salmon have counted at John Day Dam
(1 in 1993, 95 in 1996, 1 in 2002 and 1 in 2003). At McNary Dam the
only chum salmon counted was a single individual in 2003. Chum
salmon have not been reported at Priest Rapids, Rock Island or
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Rocky Reach dams on the Columbia River or at Ice Harbor, Lower
Monumental, Little Goose or Lower Granite Dam on the Snake
River (Table 16.22).
Production of chum salmon in the Columbia River Basin is
almost entirely from natural spawning. Before 1940, commercial
harvest of chum salmon in the Columbia River ranged from 1 to 8
million pounds. Since 1959, commercial harvest of chum salmon in
the Columbia River has been less than 50,000 pounds.
Currently, there are two population centers for chum salmon
on the Washington side of the Columbia River. One is in the Gray’s
Harbor area of the Columbia River Estuary. The other is in the
mainstem of the Columbia River immediately below Bonneville
Dam at Ives end Pierce Islands and in two nearby creeks, Hardy
and Hamilton Creeks.
Peak counts during spawning survey’s conducted in Hardy
Creek from 1973–1984 averaged (ranged) 79 (1–210) chum salmon
per year (Ficus 1984). Peak counts during spawning survey’s conducted in Hamilton Creek (between RKM 0.9–2.1) from 1973–1984
averaged (ranged) 61 (3–161) chum salmon per year (Ficus 1984).
In 2000 the population (±SD) of chum salmon that spawned in
Hardy Creek was estimated at 37 (±2) adults (Hoffman 2001). In
2001 it was estimated that 11,586 (±1,836) chum smolts emigrated
out of it (Hoffman 2001).
In 2000 it was estimated that 157 (±5) chum salmon spawned
in Hamilton Creek (Hoffman et al. 2001). In 2001 it was estimated
(±SD) that 84,520 (±9283) smolts emigrated out of it (Hoffman 2001).

Table 16.22

In 2001 it was estimated that 25 chum salmon adults spawned in
Hardy creek, and in 2002 103,315 chum smolts were counted emigrating out of it (Usitalo 2003).
In 2001, it was estimated that 328 chum salmon adults spawned
in Hamilton Creek, and in 2002, 140,220 chum smolts were
counted emigrating out of it (Usitalo 2003).
Redd counts in the main Columbia River channel in the vicinity of Ives and Pierce Island have been made by Mueller and
Dauble (2000), Muller (2001, 2002, 2003, 2004, 2006), Geist and
Corrie (2006), Van Der Naald et al. (1999, 2001, 2002, 2003, 2004,
2005, 2006) and Tomaro et al. (2007). The number of chum redds
has averaged (ranged) 205 (29–776) and the chum spawning population has averaged (ranged) 852 (40–4,232) between 1998 and 2005
(Table 16.23). Additionally, Rawding and Hillson (2003) estimated
the spawning population at Ives and Pearce Islands (±SD) at 4,232
(±79) chum salmon based on mark/ recapture techniques.
Craig and Soumela (1941) noted that nearly 2.8 million chum
eggs from tributaries of the lower Columbia were shipped to the
Methow River in 1916 and another 1.0 million in 1920. These plants
failed to establish chum in the Methow because no adults were
subsequently captured there.
In 1995, eggs from Puget Sound were transplanted into tributaries of Hudson and James Bay on the arctic coast of Canada but
these attempts failed to establish natural spawning populations
(Scott and Crossman 1973).

Counts of chum salmon passing fish ladders at Columbia and Snake river dams over the period of record and the most
recent 10 year interval (2001–2010) at each dam. C = Columbia. S = Snake.
RKM

Period of record (years)

Average count for
period of record

Period for most recent
10 year interval

Average count for most
recent 10 year interval

Bonneville

C 232.8

1938–2010

555

2001–2010

114

The Dalles

C 306.7

1957–2010

4

2001–2010

1

John Day

C 345.0

1968–2010

7

2001–2010

<1

McNary

C 476.0

1954–2010

<1

2001–2010

<1

Priest Rapids

C 635.2

1960–2010

0

2001–2010

0

Wanapum

C 664.0

-

-

2006–2010

0

Rock Island

C 724.8

1977–2010

0

2001–2010

0

Rocky Reach

C 758.8

1977–2010

0

2001–2010

0

Wells

C 825.3

1977–2010

0

2001–2010

0

Ice Harbor

S 15.5

1962–2010

0

2001–2010

0

Lower Monumental

S 66.6

1969–2010

0

2001–2010

0

Little Goose

S 112.5

1975–2010

0

2001–2010

0

Lower Granite

S 171.2

1975–2010

0

2001–2010

0

Dam
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Table 16.23

Peak chum salmon redd counts and estimated spawning populations in the vicinity of Ives and Pierce islands below
Bonneville Dam. The number of juveniles captured the following spring is also given.
Year

Peak redd
count

Estimated spawning
population

# juveniles captured
the following year

1998¹

47

220

36

1999²

29

40

167

2000³

95

529

4,002

2001⁴

181

532

678

2002⁵

776

4,232

1,577

2003⁶

262

688

4,864

2004⁷

148

336

1,909

2005⁸

101

229

302

References: ¹Van der Naald (1999); ²Van der Naald (2001); ³Van der Naald (2002); ⁴Van der Naald (2003); ⁵Van der Naald (2004); ⁶Van der Naald (2005);
⁷Van der Naald (2006); ⁸Tamaro et al. (2007).
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COHO SALMON
Oncorhynchus kisutch (Walbaum, 1792)
Primary Identification

Confirming Characters

1.

Adipose fin present.

2.

Axillary process present at front end of pelvic fins.

3.

Dark spots on light background.

4.

Anal fin with ≥13 rays (range 12–17 rays).

5.

Interior of mouth, tongue black. Sides of mouth
black. A space between the tongue and sides of
mouth along the tooth row is lighter colored with
white gum lines.

Figure 16.23

2.

3.

1208

Irregular shaped small to mid-sized black spots on
head, back and dorsal lobe of caudal fin. Caudal spots
restricted to dorsal margin (and sometimes posterior
margin of dorsal lobe) of fin.

2.

Lateral line scales 121–148.

3.

Gill rakers 18–25.

4.

Pyloric caeca 45–114.

5.

Breeding males develop spawning kype on upper jaw.
Lower jaw may also have slight hook. Sides below lateral line usually bright pink to dull red. Females purple.

Coho salmon male in spawning coloration, Lyons Ferry State Fish Hatchery, Franklin County, WA. Insets show a nonspawning fish and close-up of mouth. (Note the black jaws and tongue, and the white gum line.)

Similar Species
1.

1.

Etymology

Other Pacific salmon (Chinook, chum, pink, sockeye/ kokanee). Spots on caudal fin of coho confined
to superior and posterior margin of dorsal lobe. Spots
are usually absent on the caudal fins of chum and
sockeye. Spots are present on both lobes of caudal fin
in Chinook and pink salmon.
Pacific trout (cutthroat, rainbow), Atlantic salmon
and brown trout usually have white mouths, <12 anal
rays and spawning kype on lower jaw of sexually
mature males.
Charr (brook, bull and lake trout) have light spots on
dark background.

Oncorhynchus: (G.) Onco- = hooked, -rhynchus = snout: hooked
snout. Refers to the development of a spawning kype that develops
on the upper jaw in males of this species.
kisutch: Of the Kamchatkan native name for coho salmon

Pronunciation
Oncorhynchus - On-co-rhyn-chus

(On-cô-rhyn-kus)

kisutch - kis-utch (Kçç-zich Jordan 1885: 81)

Common Name(s)
Coho salmon (AFS name); silver salmon (especially in California,
Oregon and Washington); white salmon; Bielaya ryba (in
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Kamchatka); kisutch (pronounced kee-zich, in Kamchatka); čsu
(pronounced keaso) or sč’lw’es (pronounced s-che-lwes) (Spokane
Indians), čsu and sč’lw’es referred to spawned out coho and chinook salmon (Osterman 1995: 31); skowitz (Nisqually Indians);
kutch-kuss (Clallam Indians); kísu (Colviile/Okanogan Indians;
Kennedy and Bouchard 1975); tsuppitch (Lower Chinook Indians);
watch-pitch-ee or ik-kwan (Yakima Indians) (Suckley 1860:
325–327); o-o-win (Chinook Indians) (Smith 1881: 31); k'állay or
cuhli (Nez Perce Indians) (Ashe and Johnson 1996); kwahwolt
(Chillewack and Musqoeam dialects) and kúchuks (Sooke and
Saanich dialects) “from whence came English cu- hue first used in
1878” (Hart 1973: 115).

Suckley (1860: 327, 1874: 111).

Oncorhynchus kisutch (Walbaum)

Jordan and Gilbert (1883: 307); Bean (1888: 308); Jordan and
Evermann (1896–1900: 480); Evermann and Goldsborough
(1907: 101); Jordan, Evermann and Clark (1930: 54); Schultz
(1929: 46, 1931: 15, 1936: 135); Schultz and Hanson (1935: 23);
Schultz and DeLacy (1935/1936: 371); Simon and Simon
(1939: 47;1939: 47); Chute et al. (1948: 10); Bailey et al. (1960: 11;
1970: 17); Carl et al. (1967: 76); Baxter and Simon (1970: 32);
McPhail and Lindsey (1970: 17); Everhart and Seaman (1971: 25);
Minckley (1973: 567); Scott and Crossman (1973: 158; 1998: 158);
Morrow (1974: 45; 1980: 72); Eddy and Underhill (1974: 157);
Moyle (1976: 117, 2002: 245); Wydoski and Whitney (1979: 56,
2003: 70); Lee et al. (1980: 94); Robins et al. (1980: 180); Simpson
and Wallace (1982: 57); Becker (1983: 307).

Systematic Notes
Walbaum (1792: 70) originally named the coho salmon Salmo isutch.
This was a misprint for kisutch, which he corrected in the errata section of his report (Walbaum 1792: 720). Pallus called the coho Salmo
sanguinolentus and Richardson called it Salmo tsuppitch. Suckley
described the coho as both Salmo tsuppitch Richardson and Salmo
scouleri Richardson even though Richardson had intended S. scouleri
for the pink salmon. Other authors (e.g., Scott and Crossman 1973)
synonymized Suckley’s S. scouleri with pink rather than coho salmon.
However, Suckley noted that the back and sides and tail of S. scouleri
specimen that he collected were unspotted and that it ascended the
Columbia River to “a point fully 700 miles by water from the sea.”
These observations would seem to rule out that Suckley was describing the pink salmon, which have profuse, large oblong black spots on
the back, sides, fin and tail, and which typically do not migrate far
up the Columbia. Their distribution is confined primarily to the area
below Bonneville Dam (RM 235). Suckley’s descriptions of S. scouleri
is more consistent with coho salmon or sockeye salmon which did
ascend the Columbia and Snake River distances of up to 1,120 km.
Suckley (1874) placed S. scouleri in the subgenus Oncorhynchus
to describe the spawning kype that develops in the upper jaw of
males. Günther (1866) elevated Oncorhynchus to the generic rank
and placed the five species found along the west coast of North
America in this genus. Jordan and Gilbert (1883) were among the
first to call the coho Oncorhynchus kisutch, the name by which is
still is known today. Jordan (1885: 21) did not think “the law of priority [in the rules of biological nomenclature] should require the
retention of obvious misprints in spelling, so he used kisutch as
Walbaum had intended.

Scientific Synonyms
Salmo kisutch Original description.
Walbaum (1792: 70).

Salmo sanguinolentus (sp. nov.)
Pallus (1811: 379).

Salmo scouleri (Richardson)
Suckley (1860: 335).

Salmo (Oncorhynchus) scouleri (Richardson)
Suckley (1862: 313; 1874: 94).

Salmo tsuppitch (sp. nov.)
Richardson (1836: 224).

Salmo tsuppitch (Richardson)

Oncorhynchus kisutch (Walbaum, 1792)

Clemons and Wilby (1961: 116); Hart (1973: 115); Robins et al.
(1991: 20); Sublette et al. (1990: 60), Mecklenburg et al. (2002:
206); Nelson et al. (2004: 86); Scholz and McLellan (2009: 181;
2010: 433).

Oncorhynchus kisutch

Doan (1909: 70); Locke (1929: 182); Brown (1971: 48); Eschmeyer
et al. (1983: 37); McGinnis (1984: 114); Goodson (1988: 126); Page
and Burr (1991: 53); Behnke (2002: 35).

Distribution and Stock Status
Coho salmon have a circum-north Pacific distribution, from
Chongjin, North Korea in the Sea of Japan, north to the Chukchi
Sea in the Arctic Ocean, and south to the San Lorenzo River
California (Sandercock 1991; Kaczynski and Alverado 2006;
Adams et al. 2007). Wahle and Pearson (1987) provided a list of
Pacific Coast spawning streams and hatcheries with estimates on
numbers of spawners and data on hatchery releases.
At the present time production of coho salmon in the Columbia
Basin comes almost entirely from hatcheries (WDFW & ODFW
2002). In the Columbia Basin coho salmon spawn predominantly
in tributaries of the lower Columbia River (Fulton 1970).
The furthest upstream that coho salmon historically spawned
was in the lower 80 km of the Spokane River and tributaries of
the Little Spokane River. The Spokane River joins the Columbia at
RKM 1,029. Little Falls Dam blocked runs above Spokane RKM 45
in 1911 and Grand Coulee Dam (Columbia RKM 960) blocked
any remaining runs into the Spokane River in 1939. According to
Nelsen et al. (1991) all coho stocks spawning in Washington tributaries above Bonneville Dam are now extinct.
Historically, the maximum peak year catch of coho in the
Columbia River was 890,000 fish and the annual run size ranged
between 1,047,000 and 1,780,000 (NPPC 1986). In 2000, approximately 551,400 coho adults entered the Columbia River. Of these,
171,000 were harvested in commercial fisheries, 56,300 were harvested in sport fisheries, fewer than 500 in Indian fisheries, 232,000
entered fish hatcheries and 85,700 passed above Bonneville Dam
(WDFW & ODFW 2002). Table 5.5 (Volume I, page 234) and 16.24
provides a summary of the coho counted at each major dam on the
Columbia and Snake rivers over the period of record for each dam
and also for the most recent 10 year period (2001–2010). The maxi-
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Table 16.24

Counts of coho salmon passing fish ladders at Columbia and Snake river dams over the period of record and the most recent
10 year interval (2001–2010) at each dam. C = Columbia. S = Snake. - = No data available.

RKM

Period of record
(years)

Average count for
period of record

Period for most recent
10 year interval

Average count for most
recent 10 year interval

Bonneville

C 232.8

1938–2010

47,179

2001–2010

141,689

The Dalles

C 306.7

1957–2010

16,789

2001–2010

41,441

John Day

C 345.0

1968–2010

15,757

2001–2010

38,090

McNary

C 476.0

1954–2010

10,838

2001–2010

19,775

Priest Rapids

C 635.2

1960–2010

2,521

2001–2010

6,092

Wanapum

C 664.0

-

-

2006–2010

6,621

Rock Island

C 724.8

1977–2010

3,073

2001–2010

9,139

Rocky Reach

C 758.8

1977–2010

967

2001–2010

2,373

Wells

C 825.3

1977–2010

333

2001–2010

983

Ice Harbor

S 15.5

1962–2010

1,360

2001–2010

2,145

Lower Monumental

S 66.6

1969–2010

971

2001–2010

2,351

Little Goose

S 112.5

1975–2010

792

2001–2010

2,465

Lower Granite

S 171.2

1975–2010

792

2001–2010

2,465

Dam

mum number (266,536) passing Bonneville Dam was in 2001. Over
the period of record (1938–2010) an average of 47,179 coho were
counted at the Bonneville Dam. During the past 10 years (2001–
2010) an average of 141,689 coho were counted at Bonneville Dam.
This increase is probably related to a number of factors including
improved passage of downstream migrating juveniles, improved
conditions in the ocean for survival of coho and the efforts of the
Yakama and Nez Perce tribes to restore coho in tributaries of the
mid-Columbia and lower Snake rivers.
In the Yakima Basin (RKM 536), coho salmon formerly
spawned in the Upper Yakima mainstem, in the Cle Elum, Kachess
and Naches Rivers, and in Umtanum and Taneum Creeks (Fulton
1970). Historical returns of coho in the Yakima sub-basin numbered between 50,000–110,000 coho annually (Dunnigan et al.
2002). Coho salmon became extinct in the Yakima River in the
early 1980s. From 1985–2000 the Yakama Indian Nation released a
total of 11,711,410 coho smolts, raised in hatcheries near Bonneville
Dam, into the Yakima and Naches Rivers (Dunnigan et al. 2002).
The purpose of these stockings was to determine the feasibility of
re-establishing sustainable, self reproducing populations in the
Yakima Basin.
Since 1997, attempts were made to develop a local Yakima
broodstock from fish that had homed successfully back to the
Yakima River. Releases from local broodstock totaled 27,800 fish in
1999 (2.7% of the total number planted), 26,000 in 2000 (2.6% of
the total number planted) and 252,000 in 2001 (25.2% of the total
number planted). It is hoped that by using fish that survived to
spawn in the Yakima River, the smolt to adult survival will improve
over time. Table 16.25 provides a summary of the number of smolts
released and, the number of smolts passing the Chandler Juvenile
Monitoring Facility at Prosser Dam (RKM 75.6), which provides an
estimate of the number of smolts that survived to reach the lower
Yakima River. Also shown on Table 16.25 are the number of adults
and jacks from that returned from each release and the smolt to
adult survival.
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A substantial number of coho smolts were killed between
their release site and Chandler Dam. Smolt survival to Chandler
Dam over a 16 year period (1985–2000) averaged (ranged) 37.8%
(11.4–73.3%) (Table 16.25). Smolt survival appeared to be associated
with distance upstream from the mouth of the Yakima that the fish
were released. Those groups released the farthest upstream from
the mouth experienced the lowest survival, probably because they
were exposed to predators such as northern pikeminnow, smallmouth bass, channel catfish and piscivorous birds for a longer
time. Smolt survival decreased between 1985 and 2000 because researchers were releasing more fish further upstream in the Yakima
and Naches Rivers. In 1999 and 2000, the two years with the lowest
smolt survival, all of the smolts were released in the upper Yakima
or upper Naches rivers.
Smolt to adult survival (including jacks) has improved over six
fold (from an average of 0.07% from 1986–1997) to an average of
0.45% from 1998–2001). One factor that may account for the observed increase is that fish are homing more successfully back to
the Yakima River with the addition of Yakima River broodstock.
Increased numbers of Yakima broodstock come from two sources:
(1) Hatchery smolts whose parents had homed back to the Yakima
River and were spawned, and (2) Fish that spawned naturally in
the Yakima River. For example, 4,679 fish were counted at Prosser
Dam in 1998, of which 399 were collected for hatchery broodstock, leaving 4,379 fish to spawn naturally in the Yakima River.
Assuming that 2,274 of these were females with a mean fecundity
of 2,923 eggs/female, approximately 6.6 million eggs were deposited in the Yakima River in Brood Year 1998. In 2000, when these
fish smolted, 31,070 natural smolts and 167,910 hatchery smolts
were enumerated at Chandler. Egg to smolt survival was estimated
at 0.46% for the wild fish. In the fall of 2000, the proportion of 465
returning jacks that were of wild origin was not determined, but in
the fall of 2001 the proportion of wild fish in the returning adult
population was determined. Estimates of total hatchery and wild
coho passage at Prosser Dam in 2001 were 3,464 hatchery adults,
1,502 wild adults, 47 hatchery jacks and 21 wild jacks. Smolt to adult
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Table 16.25

Coho salmon smolt releases and jack and adult recoveries in the Yakima and Naches rivers (1985–2001). Data from Dunnigan
et al. (2002).
Prosser Dam counts

Year of
release

# smolts
released

Chandler
passage

Smolt
survival
(%)

Year of
adult return

# Adults

# Jacks

Total

Smolt to
adult survival¹

1985

260,690

117,558

45.1

1986

230

0

230

0.09

Smolt to adult
survival² (%)

1986

84,879

48,349

57.0

1987

82

1

83

0.1

0.17%

1987

492,415

193,777

39.4

1988

18

0

18

>0.01

0.01%

1988

828,269

606,926

73.3

1989

282

9

291

0.03

0.05%

1989

700,186

224,670

32.1

1990

289

0

289

0.04

0.13%

1990

505,263

158,305

31.3

1991

230

39

269

0.05

0.15%

1991

483,256

112,975

23.4

1992

137

53

190

0.04

0.16%

1992

631,358

110,999

17.6

1993

162

3

165

0.03

0.19%

1993

534,246

82,589

15.5

1994

532

28

560

0.1

0.65%

1994

772,551

403,774

52.3

1995

650

75

725

0.09

0.17%

1995

699,474

411,733

58.9

1996

921

417

1,338

0.14

0.24%

1996

1,218,221

785,978

64.5

1997

1,241

71

1,312

0.14

0.21%

1997

1,040,602

306,520

29.5

1998

4,591

88

4,679

0.45

1.52%

1998

1,400,000

472,820

33.8

1999

3,532

411

3,943

0.26

0.77%

1999

1,030,000

111,710

11.4

2000

5,673

465

6,138

0.59

5.45%

2000

1,030,000

202,415

19.7

2001

4,966

68

5,034

0.53

2.68%

Combined adult (release year i +1) and jack (release year i) returns for total smolt release: e.g. for 2001, adult returns (release year 2000), the calculation was (4966 + 465) / 1,030,000 = 0.53%
2
Combined adult (release year i + 1) and jack (release year i) returns for the Chandler passage estimates: e.g. for 2001 adult returns release year 2000,
the calculation was (4966 + 465) / 202,415 = 2.68%
1

survival estimates were calculated at 2.06% for hatchery-origin fish
and 4.83% for natural origin fish. A second factor that may account
for increased smolt to adult survival between 1985 and 2000 is improved ocean conditions.
Natural spawning of coho salmon has occurred in the Yakima
River Basin since 1998. Redd counts are shown in Table 16.26. A radio telemetry study was conducted from 1999–2001, with 293 coho
captured at Prosser Dam and released 0.8 km above it, to identify
the spawning areas of coho in the Yakima Basin (Dunningon et al.
1992). Most coho spawned in the lower Yakima and its tributaries downstream from Selah, Washington. Although they homed to
the Yakima River, they did not home well to acclimation sites in
the Upper Yakima and Naches rivers where they had been released
as smolts (Dunnigan et al. 2002). It was speculated that the poor
homing to release sites was related to the fact that these coho had
originated in tributaries of the lower Columbia River and lacked
the stamina to migrate so far upstream in the Yakima River.
In the Wenatchee Sub-basin (RKM 749), coho salmon formerly spawned in Icicle and Nason Creeks and in the Wenatchee
River near Leavenworth, Washington. In the Entiat Sub-basin
(RKM 774), a small run of coho salmon has persisted for many
years. In the Methow Sub-basin (RKM 838), coho salmon spawned
in the upper Methow and Twisp Rivers (Fulton 1970).
Native stocks of coho were extirpated from the Wenatchee,
Entiat and Methow Rivers in the early 1900s (Craig and Saumela
1941; Mullan 1983). Stocks from the lower river were introduced
into the Wenatchee River and its tributary Icicle Creek between
1942 and 1974, the Entiat River between 1943 and 1960 and the

Methow River between 1944 and 1968 (Table 16.27). Soon after the
stocking stopped, the number of coho dwindled as evidenced by
the number counted at Priest Rapids, Rock Island and Rocky Reach
dams (Table 16.28). By the 1990s almost no coho were counted at
any of these dams. Since 1998 the Yakama Tribe has been using
coho stocks from the lower River to in an attempt to reintroduce
coho into the Wenatchee and Methow Rivers. This work has been
documented in a series of reports (Dunnigan 1999; Murdoch 2001;
Murdoch and Dunnigan 2002; Murdoch and LaRue 2002; Murdoch
et al. 2004, 2006a, 2006b, 2006c; Murdoch and Kamphaus 2003;
Kamphaus and Murdoch 2004, 2005; Kamphaus and Strickwerda
2006; Doulos 2005; Doulos and Magneson 2005, 2006, 2007;
Grabeel et al. 2006; Petersen 2006; and Croci et al. 2007).
Between 1998 and 2005, the Yakima Tribe stocked a total of
6,484,527 coho smolts into the middle and upper tributaries of the
Wenatchee River (mainly Icicle and Nason Creeks) and 1,819,933
coho smolts into the Methow River at Winthrop National Fish
Hatchery (Table 16.29). Of these, in the Wenatchee River, 3,837,792
were Lower Columbia River Brood (LCB) fish that were transplanted from the lower river and 2,646,735 were from adult fish
that had successfully homed back to the Wenatchee River (Mid
Columbia Brood, MCB). In the Methow River, 1,660,652 fish were
LCB stock and 151,281 were from adult fish that had successfully
homed back to the Methow River (MCB stock). Additionally, it
was estimated that 136,336 natural smolts emigrated from the
Wenatchee River between 2002–2005.
Adults returning to the Wenatchee River were collected mainly
at Dryden (Wenatchee River RKM 28) and Tumwater (Wenatchee
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River RKM 49.4) dams and from RKM 4.5 on Icicle Creek (joins
Wenatchee River between Dryden and Tumwater Dams). The
numbers of fish collected at each site are recorded in Table 16.30.
Adults returning to the Methow River were collected either at
Winthrop NFH on the Methow River or Wells Dam. These adults
were used for spawning MCB fish.
Additional adults spawned naturally in the Wenatchee and
Methow Rivers. Redd counts for each River from 2000–2005 are
recorded in Table 16.31. With the exception of 2002, coho redd
counts have increased annually in each river.
One major concern about the attempt to introduce lower
Columbia coho into the middle Columbia tributaries was whether
they had the stamina to migrate so far upstream (Bernatchez and
Dodson 1987). Lower River coho have to travel about 200 km up
the Columbia to reach their spawning streams, whereas those
transplanted in the upper Wenatchee and Methow rivers have to
travel between 750–850 km just to reach the confluence of these
rivers and about 80–90 km up each of these rivers to reach their
acclimation sites in these rivers. For example, in one experiment
conducted in 2003, coho salmon (n = 217) were implanted with radio transmitters at Priest Rapids Dam (Murdoch et al. 2005). Fish
were monitored by a combination of fixed receivers and mobile
tracking by boat/truck, and air. These fish should have homed back
to their acclimation sites in the upper reaches of the Wenatchee
(Icicle Creek or Nason Creek) or Methow Rivers. Instead, the majority of these fish spawned in the mainstem of the Columbia River
below the confluence of Wenatchee or Methow Rivers, or entered
tributaries that joined the Columbia below the confluence of the
Wenatchee River. Data was obtained on the spawning areas of 129
of these 217 coho: 6 spawned in the Columbia River between Priest
Rapids and Wanapum dams; 60 spawned in the Columbia River
between Wanapum and Rock Island dams (including 17 coho that
were attracted into Sand Hollow Wasteway that joins the Columbia
between Wanapum Dam and Vantage , Washington), 14 spawned
in the Columbia River between Rock Island and Rocky Reach
dams, 46 entered the Wenatchee River, 3 entered the Methow River
and 1 was found in Wells Reservoir.
This study was repeated in 2004 with 234 coho implanted with
transmitters and released above Priest Rapids Dam (Murdoch
et al. 2006b). Data were obtained on spawn locations for 123 of
them: 6 spawned in the Columbia River between Priest Rapids and
Wanapum dams, 63 spawned in the Columbia River between the
Wanapum and Rock Island dams (including 10 that were attracted
to Sand Hollow Wasteway), 5 spawned in the Columbia River between Rocky Reach and Wells dams, 48 entered the Wenatchee
River and 1 entered the Methow River.
Also, for those fish that did migrate into the Wenatchee River
in both years, the majority returned to the lower Wenatchee, not
Icicle Creek or Nason Creek, the two sites in the upper Wenatchee
River where coho were stocked.
Thus, it appears as if most of the fish lacked the energy reserves
needed to get them back to their acclimation sites. For this reason,
researchers began to develop the mid-Columbia broodstock, comprised of fish that successfully homed back to the Wenatchee and
Methow Rivers.
Anadromous migration is energetically expensive (Hinch and
Rand 2000). Wild salmon that make longer freshwater migrations
can have up to four times the energy reserves of salmon that make
shorter freshwater migration (Brett 1995). Natural selection for
1212

Table 16.26

Coho salmon redd count in the Yakima River Basin,
1988–2004.
1998

1999

2000

2001

2002

2003

2004

Yakima River

53

104

142

27

4

32

78

Naches River

6

n/a

137

95

23

56

87

Tributaries

193

62

67

29

16

21

92

Total

252

166

346

151

43

109

257

greater energy reserves is possible (Kinneson et al. 2001). By using
fish that successfully homed back to the Wenatchee and Methow
Rivers as broodstock, whether artificially or naturally reproduced,
researchers hoped to increase the number of alleles responsible for
greater energy reserves in the population and thus, achieve more
precise homing to acclimation sites and overall higher levels of return in the future. So far, the results, which show increasing numbers of coho returning to the Wenatchee and Methow Rivers over
time, are encouraging.
In the Snake Basin (RKM 519) coho formerly spawned in the
Tucannon River (Snake RKM 101). The last run into the Tucannon
occurred in 1929 (Parkhurst 1950a). Coho also formerly spawned
in the Grande Ronde Basin (RKM 272), in the Grande Ronde River
and its tributaries (the Wenaha, Wallowa, Minam and Lostine
Rivers and Catherine Creek) (Fulton 1970). Cramer and Witty
(1998) estimated that prior to 1902, production of adult coho exceeded 20,000 fish annually in the Grande Ronde Basin. However,
habitat degradation, hydroelectric development and over-harvest
combined to cause their extinction. A dam blocked all coho runs
into the Wallowa River from 1907 to 1924 (Fulton 1970; Crammer
and Witty 1998). The runs into the Grande Ronde Basin were severely depleted by about 1957.
Hatchery coho (source unknown) were planted in the Wallowa
River, a tributary of the Grande Ronde River, from 1928–1957
(Cramer and Witty 1998). These fish disappeared after 1960. A
second attempt was made to introduce coho into the Wallowa between 1964–1968, when 900 adults and 200,000 to 350,000 eggs
from Oxbow Hatchery were stocked (Cramer and Witty 1998).
These fish disappeared as of 1977. The fish ladder counts at Lower
Granite Dam show that low numbers of coho persisted until 1986
(Table 16.32). From 1987 to 1996 no coho were counted at Lower
Granite Dam (Table 16.32), indicating that coho were extinct in the
Snake River above Lower Granite Dam. In 1998, the Nez Perce Tribe
commissioned S.P. Cramer & Associates to examine the feasibility for reintroducing coho into the Grande Ronde Basin (Cramer
and Witty 1998). The authors concluded that passage mortality and
harvest rates are currently too high for natural production to be
self-sustaining without hatchery supplementation.
Coho salmon also formerly migrated into the Clearwater River
Sub-basin, tributary of the Snake River, Idaho. Coho salmon
counts the Lewiston Dam fish ladder ranged from 9 to 325 fish
during 1965–1972 (Wydoski and Whitney 2003) and then stopped.
Commencing in 1995, the Nez Perce Tribe began introducing
Lower Columbia River coho into the Clearwater Sub-Basin in an
attempt to re-establish them there.
Returns to the Clearwater Sub-basin from these releases have
been monitored by counting the number of coho (adults + jacks)
migrating past lower Granite Dam on Snake River, and by establishing counting weirs on each of the tributaries where the fish
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Table 16.27

Releases of non-local stock coho salmon into tributaries of the upper Columbia River (Mullan 1983). (Page 1 of 2.)

Stream
Wenatchee River

Brood Year

Release year

1949

1950

1965

1966

Total
Icicle Creek

Hatchery

Stock

230,000

Fingerling

Leavenworth

Lewis River

4,170,000

Fingerling

Leavenworth

Cascade

1942

1943

110,000

Fingerling

Leavenworth

Lewis River

1943

1944

112,300

Fingerling

Leavenworth

Lewis River

1944

1945

29,000

Fingerling

Leavenworth

Lewis River

1950

1952

98,800

Yearling

Leavenworth

Lewis River

1951

1953

47,600

Yearling

Leavenworth

Lewis River

1952

1954

93,900

Yearling

Leavenworth

Lewis River

1954

1955

11,800

Fingerling

Leavenworth

Quilcene

1954

1956

12,500

Yearling

Leavenworth

Quilcene

1962

1963

455,700

Fingerling

Leavenworth

Eagle Creek

1963

1964

871,000

Fingerling

Leavenworth

Eagle Creek

1964

1965

769,000

Fingerling

Leavenworth

Cascade

1964

1966

656,000

Yearling

Leavenworth

Cascade

1965

1966

1,734,000

Fingerling

Leavenworth

Little White Salmon River

1965

1967

536,000

Yearling

Leavenworth

Cascade

1966

1968

1,375,000

Yearling

Leavenworth

Little White Salmon River

1967

1969

701,000

Yearling

Leavenworth

Little White Salmon River

1968

1970

908,000

Yearling

Leavenworth

Little White Salmon River

1969

1970

2,001,000

Fry

Leavenworth

Willard

1969

1971

1,457,000

Yearling

Leavenworth

Willard x Icicle

1972

1974

156,000

Yearling

Leavenworth

Willard

1974

1975

659,000

Fingerling

Leavenworth

Eagle Creek

12,794,600
1943

1944

29,000

Fingerling

Entiat

Lewis River

1944

1945

99,500

Fingerling

Entiat

Lewis River

1963

1965

106,400

Yearling

Entiat

Lower Columbia River

1964

1965

367,500

Fingerling

Entiat

Lower Columbia River

1965

1966

275,000

Fingerling

Entiat

Lower Columbia River

1966

1967

703,100

Fingerling

Entiat

Lower Columbia River

1967

1968

2,102,700

Fry

Entiat

Lower Columbia River

1967

1968

452,900

Fingerling

Entiat

Lower Columbia River

1960

1969

588,700

Fingerling

Entiat

Lower Columbia River

Total
Methow River

Type

4,400,000

Total
Entiat River

Number released

4,724,800
1944

1945

40,100

Fingerling

Winthrop

Carson

1950

1952

149,600

Yearling

Winthrop

Lewis River

1951

1953

90,000

Yearling

Winthrop

Lewis River

1952

1954

94,500

Yearling

Winthrop

Lewis River

1958

1959

183,700

Fingerling

Winthrop

Quilcene

1959

1960

638,000

Fingerling

Winthrop

Eagle Creek

Table 16.27 concluded on next page.
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Table 16.27 concluded Releases of non-local stock coho salmon into tributaries of the upper Columbia River (Mullan 1983). (Page 2 of 2.)
Stream

Total

Brood Year

Release year

Number released

Hatchery

Stock

1961

1962

327,700

Fingerling

Winthrop

Eagle Creek

1962

1963

1,448,400

Fingerling

Winthrop

Eagle Creek

1963

1964

824,000

Fingerling

Winthrop

Big Creek

1964

1965

1,306,900

Fingerling

Winthrop

Eagle Creek

1965

1966

449,400

Fry

Winthrop

Little White Salmon River

1965

1966

1,623,200

Fingerling

Winthrop

Little White Salmon River

1966

1967

382,200

Fry

Winthrop

Little White Salmon River

1966

1967

600,300

Fingerling

Winthrop

Little White Salmon River

1967

1968

418,800

Fingerling

Winthrop

Little White Salmon River

1967

1968

400,800

Fingerling

Winthrop

Little White Salmon River

1968

1969

113,800

Fingerling

Winthrop

Little White Salmon River

9,091,400

were planted. From 1985 to 1996 counts of coho at Lower Granite
Dam numbered 0 (1985), 1 (1986), 1 (1987), 0, (1988), 0, (1989), 0
(1990), 0, (1991), 0 (1992), 0 (1993), 0 (1994), 0 (1995) and 0 (1996).
From 1997 to 2010 counts of coho salmon at Lower Granite Dam
numbered 93 (1997), 12 (1998), 260 (1999), 927 (2000), 1,087 (2001),
397 (2002), 1,265 (2003), 3,904 (2004), 2,183 (2005), 1,434 (2006),
2,798 (2007), 4,770 (2008), 4,912 (2009) and 1,902 (2010).
Like the situation with the Yakima, Wenatchee and Methow
River some of these coho apparently lacked the energy reserves
(stamina) to migrate all the way back to the Clearwater River and
instead strayed into tributaries further down the Snake system, including the Tucannon River and Asotin Creek. Coho redd counts
in the Tucannon River totaled 5 in 2001, 1 in 2002, 11 in 2003 and
16 in 2004 (Milks et al. 2005, 2006). Six coho carcasses were recovered in the Tucannon River and one of them bore a coded wire tag
indicating it was one of the fish planted in the Clearwater River
by the Nez Perce Tribe (Milks 2005). In 2003 and 2004, 135 and
224 coho smolts were collected respectively in a smolt migration
trap in the Tucannon River, indicating that coho were successfully
naturally reproducing in the Tucannon River (Gallinant and Ross
2005; Milks et al 2006). Mayer et al. (2006) reported the capture of
a 690 mm FL coho female in the Asotin Creek drainage in 2005.
Coho salmon fry (n = 50,000) were stocked in Potholes
Reservoir, Grant County, in 1956 but failed to become established
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there (Duff 1974). Coho salmon fry were stocked into Banks Lake
in 1971. They contributed to the fishery there through 1974–1975
(Stober et al. 1975) but failed to establish a self perpetuating population (Polacek et al. 2003). Coho salmon (n = 24,500) were also
stocked into Moses Lake in 1970 but they did not contribute to the
fishery and failed to become established.
Coho have been transplanted into the Great Lakes. Coho fry
were released in Lake Erie between 1873 and 1878 and again in
1933. These plants were unsuccessful. However, in 1966, plants of
smolts were made in Lake Michigan and Lake Superior by the State
of Michigan. These plants were successful in producing a fishery.
Other states bordering the Great Lake soon started stocking coho
salmon smolts. By the end of 1977, a total of 5.2 million coho had
been released in Lake Superior, 30.4 million in Lake Michigan, 5.2
million in Lake Huron, 6.8 million in Lake Erie and 4.3 million in
Lake Ontario (GLFC 1981). These fish were all reared in hatcheries
and stocked into acclimation ponds in Great Lake tributaries in
order to imprint them. Eggs were collected from adults that homed
back to the acclimation ponds (Scholz et al. 1975).
Coho have also been transplanted to Europe (in Scotland,
France, West Germany), Cyprus and Japan (on the southeast
coast of Hokkaido). Coho have also been transplanted in Chile
(Sandercock 1991). None of these transplants resulted in the establishment of self-perpetuating populations (Sandercock 1991).
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Table 16.28

Annual coho salmon counts at Priest Rapids, Rock Island, and Rocky Reach dams. N/A counts not available.

Year

Priest Rapids

Rock Island

Rocky Reach

Year

Priest Rapids

Rock Island

Rocky Reach

1933

n/a

182

n/a

1970

4,971

3,483

207

1934

n/a

69

n/a

1971

7,738

5,423

n/a

1935

n/a

10

n/a

1972

5,225

3,661

3,312

1936

n/a

0

n/a

1973

1,578

4,605

745

1937

n/a

58

n/a

1974

1,781

#####

10,788

1938

n/a

78

n/a

1975

2,193

4,610

6,979

1939

n/a

13

n/a

1976

2,290

5,056

5,684

1940

n/a

2

n/a

1977

370

518

927

1941

n/a

29

n/a

1978

597

1,229

1,438

1942

n/a

1

n/a

1979

311

465

244

1943

n/a

22

n/a

1980

318

783

713

1944

n/a

186

n/a

1981

427

826

522

1945

n/a

166

n/a

1982

1,810

1,915

882

1946

n/a

32

n/a

1983

502

260

237

1947

n/a

229

n/a

1984

173

2,179

923

1948

n/a

29

n/a

1985

219

1,096

613

1949

n/a

40

n/a

1986

83

503

448

1950

n/a

72

n/a

1987

108

1,413

932

1951

n/a

8

n/a

1988

68

715

306

1952

n/a

22

n/a

1989

32

287

154

1953

n/a

40

n/a

1990

31

104

62

1954

n/a

43

n/a

1991

22

166

41

1955

n/a

51

n/a

1992

1

49

47

1956

n/a

29

n/a

1993

0

6

4

1957

n/a

33

n/a

1994

0

18

6

1958

n/a

76

n/a

1995

11

6

1

1959

n/a

118

n/a

1996

6

0

0

1960

58

94

n/a

1997

26

5

0

1961

88

50

n/a

1998

18

0

0

1962

601

737

500

1999

55

12

1

1963

29

18

2

2000

378

1,624

550

1964

83

61

100

2001

11,189

10,465

1,628

1965

448

258

304

2002

1,555

1,740

484

1966

11,903

8,342

879

2003

5,216

5,369

993

1967

8,879

6,222

688

2004

5,600

5,982

786

1968

13,212

9,259

735

2005

1,260

6,580

1,225

1969

1,351

947

179

2006

3,813

5,597

1,523
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Table 16.29

Numbers of hatchery coho stocked in the Wenatchee and Methow rivers 1998–2005. LCB = Lower Columbia Brood fish
released, MCB = mid-Columbia Brood fish released. Also shown is the estimate of wild smolts that migrate down the
Wenatchee River.
Wenatchee River total

Year

Table 16.30

Methow River total

# stocked

# LCB

# MCB

# wild

# stocked

# LCB

# MCB

1998

0

0

0

341,000

341,000

0

341,000

1999

500,000

500,000

0

0

0

0

0

2000

967,000

967,000

0

199,763

199,763

0

199,765

2001

997,000

855,000

142,000

260,139

260,139

0

260,193

2002

1,036,000

450,000

586,000

185,001

185,001

0

185,001

2003

907,807

37,000

813,000

242,355

242,355

0

242,555

2004

1,129,319

970,935

158,334

307,975

304,957

16,372

291,603

2005

947,401

0

947,401

283,695

283,689

134,909

148,780

Total

6,484,527

3,779,935

2,646,735

1,819,928

1,816,904

151,281

1,668,897

Number of fish collected for developing mid-Columbia Broodstock in Wenatchee and Methow Rivers. NA= not available.
Location

2000¹

2001²

2002³

2003⁴

2004⁵

2005⁶

Dryden Dam

874

1157

213

1654

1457

1336

Tumwater Dam

24

19

0

0

13

68

Icicle Creek

47

43

0

52

139

2

Priest Rapids Dam

0

19

0

0

0

0

945

1238

213

1706

1609

1406

Winthrop NFH

n/a

334

43

165

105

130

Wells Dam

n/a

0

9

43

13

224

0

334

52

208

118

354

Wenatchee Sub-basin

Total

Methow Sub-basin

Total

Reference: ¹Murdoch & Dunnigan (2002), ²Murdoch & LaRue (2002), ³Murdoch et al. (2004), ⁴Kamphaus & Murdoch (2005), ⁵Murdoch et al. (2006a),
⁶Murdoch et al. (2006b).
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Table 16.31

Coho redd counts in the Wenatchee and Methow sub-basins 2000–2005. NA=not available
Location

2000

2001

2002

2003

2004

2005

Icicle Creek

74

154

21

507

504

629

Nason Creek

3

3

1

6

35

41

Wenatchee River

0

0

5

73

121

224

Peshastin Creek

n/a

2

1

17

33

25

Mission Creek

n/a

n/a

n/a

23

17

10

Bredor Creek

n/a

n/a

n/a

1

4

7

Chiwaukum River

n/a

n/a

n/a

n/a

n/a

1

Total:

77

159

28

627

714

937

Entiat Sub-basin

n/a

14

n/a

n/a

n/a

n/a

Chelan Sub-basin

n/a

n/a

n/a

n/a

n/a

1

Wenatchee Sub-basin

Methow Sub-basin
Methow River

n/a

65

5

13

22

21

Beaven Creek

n/a

n/a

n/a

5

1

0

Gold Creek

n/a

n/a

n/a

3

0

0

Spring Creek

n/a

n/a

n/a

7

8

22

0

65

5

28

31

43

Total:

Reference: ¹Murdoch & Dunnigan (2002), ²Murdoch & LaRue (2002), ³Murdoch et al. (2004), ⁴Murdoch et al. (2005), ⁵Murdoch et al. (2006a), ⁶Murdoch
et al. (2006b).

Table 16.32

Coho salmon annual adult passage at Lower Granite Dam.
Year

Adult

Jack

Year

Adult

Jack

1975

440

470

1991

0

0

1976

440

460

1992

0

0

1977

50

220

1993

0

0

1978

25

125

1994

0

0

1979

50

110

1995

0

0

1980

30

13

1996

0

0

1981

1

16

1997

85

8

1982

31

28

1998

10

2

1983

25

26

1999

241

19

1984

0

0

2000

891

36

1985

1

0

2001

968

119

1986

1

0

2002

248

149

1987

0

0

2003

1,135

130

1988

0

0

2004

3,802

102

1989

0

0

2005

2,077

106

1990

0

0

2006

1,141

293
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Subfamily Salmoninae

GOLDEN TROUT
Oncorhynchus mykiss var. aguabonita (Jordan, 1892)
Primary Identification
1.

Adipose fin present.

2.

Axillary process present at front end of pelvic fin.

3.

Dark spots on light background.

4.

Confirming Characters
1.

Large round black spots mainly on caudal peduncle;
caudal fin with oblong black spots.

2.

Fins orange or yellow. White tips with interior dark
borders on dorsal, anal and pelvic fins.

Interior of mouth white.

3.

Lateral line scales: 170–200.

5.

Square anal fin with ≤12 rays.

4.

Pyloric caeca: 30–32.

6.

Brassy or copper color above and golden yellow color
below lateral line; belly red; intense red stripe runs
through parr marks, which are oblong and colored
dark purple.

5.

Parr marks retained to adult life stage.

6.

Some individuals (roughly 1/3) have basibranchial
teeth.

Figure 16.25

Golden trout, Washburn Lake, Okanogan County, WA. Photograph courtesy of Richard S. Wydoski, United States Fish
and Wildlife Service, retired. See Figure 16.26 for juvenile with parr marks.

Similar Species
1.

Rainbow (red band trout): Not so brightly colored as
the golden trout. Redband rainbow have light colored
tips on dorsal, anal and pelvic fins but lack the interior dark border.

2.

Cutthroat trout: usually have red, orange or yellow
cutthroat marks on the throat; in golden trout the
entire throat is red.

3.

Pacific salmon: Anal fin rectangular (longer than
wide), with >13 rays.

4.

Lake, bull, and brook charr: have light spots on a
dark background.

5.

Atlantic salmon and brown trout have x or + shaped
spots, some of which are surrounded by pale haloes.

Etymology
Oncorhynchus: Onco- = hooked and -rhynchus = snout. Hooked
snout. A reference to the spawning kype that develops on the jaw
of males as a secondary sex character in this species.
mykiss: Kamchatkan native name for the rainbow trout.
aguabonita: Spanish, agua = water, bonita = good, pretty, beautiful.
Pretty water, from Aguabonita Falls on Volcano Creek, tributary
of the Kern River, California, where this subspecies abounds. The
water flows over orange colored granite and quartzite, and the fish
assume the color of the rocks.

Pronunciation
Oncorhynchus - On-co-rhyn-chus (On-co-rhyn-kus)
mykiss - my-kiss
aguabonita - ăg-ua-bo-nĭ-tă

A. T. Scholz
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Common Name(s)
Golden trout (AFS name), California golden trout, Kearn River
trout, rose trout, Volcano Creek trout, Roosevelt trout.

Systematics Notes
The golden trout, from Volcano Creek on the South Fork of the
Kern River, California was first described as Salmo mykiss aguabonita by Jordan (1893: 481). At the time of its discovery, Jordan
called cutthroat trout Salmo mykiss, so he thought the golden trout
were a subspecies of Salmo mykiss. Later, he revised his classification and placed it as a subspecies of rainbow trout, calling it Salmo
irideus aguabonita (Jordan and Evermann 1896–1900: 503). Finally,
he elevated the golden trout to species, calling it Salmo aguabonita
(Jordan, Evermann, and Clark 1930: 59).
The golden trout was called Salmo aguabonita Jordan in the
first four editions of AFS book of common and scientific names
of fishes of the United States and Canada (Chute et al. 1948; Bailey
et al. 1960, 1970; Robins et al. 1980). The name was switched to
Oncorhynchus aguabonita in the 5th edition (Robins et al. 1991), because cladistic analysis of morphometric and meristic characters
(Smith and Stearly 1989; Stearly and Smith 1993) and genetic evidence (Berg and Ferris 1984) made it clear that Pacific trout were
more closely related to Pacific salmon (genus Oncorhynchus) than
Atlantic salmon and trout (genus Salmo). In the 6th edition (Nelson
et al. 2004), the name was abandoned because of increasing evidence that the golden trout is a subspecies of interior (redband)
rainbow trout. Most other authors have followed the AFS recommendations (See Scientific Synonyms).
Two other forms of the golden trout, Salmo whitei, from the
Little Kern River and Salmo roosevelti, from Golden Trout Creek
(another tributary if the Kern River) were named by Evermann
(1906). Also, Salmo rosei from Culver Lake, California was named
by Jordon and McGregor (in Jordan 1924). However, none of these
names has been recognized by AFS/ASIH Committee for Names
of Fishes in any of the six editions of The Common and Scientific
Names of Fishes of the United States and Canada.
Gold and Gall (1975) and Gold (1981) discussed the systematics
of golden trout. Schreck and Behnke (1971) reviewed the systematics of trout from the Kern River Basin and provided information on
meristic characters of the various populations. Moyle (1976: 2002)
summarized the taxonomy of the Kern River trout populations.
Behnke (1979) recognized that the golden trout was a subspecies of rainbow trout, calling Salmo gairdneri aguabonita when the
rainbow trout went by Salmo gairdneri. Later, after the name of the
rainbow trout was switched to Oncorhynchus mykiss, he changed
the name of the golden trout to Oncorhynchus mykiss aguabonita
(Behnke 1992: 175; 2002: 1).
Most important to Behnke’s placement of the golden trout as
a subspecies of rainbow trout was that all forms of interior (redband) rainbow trout had 58 chromosomes as did the golden trout,
whereas coastal rainbow trout had 58–64 chromosomes and cutthroat trout had 64–68 chromosomes (Gold and Gall 1975; Gold
1977; Gold et al. 1977; Thorgard 1983). Studies of meristic variation (Schreck and Behnke 1971; Behnke 1992) and genetic evidence
(Gall et al 1976; Berg 1987; Bagley and Gees 1998; Nielsen et al.
1999) also supported their classification as a subspecies of rainbow trout. Finally, rainbow trout x golden trout hybrids have been
produced both artificially and in nature (Dill 1950; Hobbs 1955;
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Needham and Gard 1959; Schreck 1969; Schreck and Behnke 1971;
Gold and Gall 1975; Gold et al. 1976, 1979; Halliburton et al. 1983).
Schreck and Behnke (1971) stated, “It is evident from field observations that golden trout readily hybridize with both rainbow and
cutthroat trout and the hybrids must be relatively fertile.” However,
when Gould (1966) hybridized golden trout × cutthroat trout, 90%
of the F1 generation hatched but did not survive beyond the fry
stage, whereas golden trout × rainbow trout crosses provided some
individuals that survived to be sexually mature adults (Gold et al.
1976, 1979; Halliburton et al. 1983). When eggs of an F1 female were
backcrossed with sperm from four male rainbow trout, none of
these embryos developed normally and all died before hatching
(Gold et al. 1979). It was thought that this embryo mortality was
related to “hybrid breakdown.”

Scientific synonyms
Salmo mykiss aguabonita original description.
Jordan (1893: 481).

Salmo irideus aguabonita Jordan

Jordan and Evermann (1896–1900: 503); Gill in Goode (1888:
liii); Fowler (1911: 553).

Salmo aguabonita Jordan

Jordan, Evermann and Clark (1930: 59); Snyder (1940a: 127).

Salmo aguabonita Jordan

Shapovalov, Dill and Cordone (1959: 171); Bailey et al. (1960: 11,
1970: 17); Sigler and Miller (1963:43); Paetz and Nelson
(1970: 105); Minckley (1973: 72); Moyle (1976: 33); Wydoski
and Whitney (1979: 39) ~ introduced to Washington; Lee et
al. (1980: 103), Robins et al. (1980: 19); Simpson and Wallace
(1982: 19) ~ introduced to Idaho; Sigler and Sigler (1987: 108).

Salmo aguabonita Jordan, 1893
Hubbs et al. (1979: 7).

Salmo aguabonita

Chapman (1942: 11) ~ introduced to Washington; Simon (1951:
39); Behnke (1965: 245), Brown (1971: 51); Behnke 1979: 135);
McGinnis (1984); Page and Burr (1991: 55).

Salmo gairdneri aguabonita

Behnke (1979); Smith (1984: 99).

Salmo aguabonita Jordan

Nelson and Paetz (1992: 273); Sigler and Sigler (1996: 177);
Wydoski and Whitney (2003: 55).

Salmo aguabonita Jordan, 1893
Robins et al. (1991: 28).

Salmo aguabonita

Chute et al. (1948:8); Holton and Johnson (1996: 63).

Salmo mykiss aguabonita

Behnke (1992: 175; 2002: 81); Moyle (2002: 283).

Salmo whitei sp. nov.

Evermann (1906: 20).

Salmo whitei Evermann

Jordan, Evermann, and Clark (1930: 56); Snyder (1940: 99, 127).
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Salmo irideus whitei Evermann
Fowler (1911: 553).

Salmo roosevelti sp. nov.
Evermann (1906: 26).

Salmo roosevelti Evermann

Jordan, Evermann and Clark (1930: 59); Simon and Simon
(1939: 48) ~ introduced to Wyoming.

Salmo gairdneri gilberti subsp. nov.
Jordan (1894: 143).

Salmo irideus gilberti Jordan

Jordan and Evermann (1896–1900: 502).

Salmo gilberti

Jordan, Evermann and Clark (1930: 143).

Salmo rosei sp. nov.

Jordan and McGregor in Jordan (1924: 19).

Salmo rosei Jordan and McGregor

Jordan, Evermann and Clark (1930: 59).

Oncorhynchus mykiss aguabonita
Behnke (1992: 175; 2002: 1).

Oncorhynchus mykiss aguabonita (Jordan, 1892)
Scholz and McLellan (2009: 183; 2010: 435).

Distribution and Stock Status
Golden trout are endemic to the Kern River Basin in southern
California (Tulare and Kern Counties), near Mount Whitney and
Sequoia National Park (Behnke 1979, 1992, 2002; Fuller et al. 1999).
They were introduced into 10 states (Fuller et al. 1999), including:
Arizona (Minckley 1973), Colorado (Everhart and Seaman 1971),
Idaho (Linder 1963; Simpson and Wallace 1982), Montana (Brown
1971; Holton and Johnson 1996), Nevada (Miller and Alcorn 1946,
LaRivers 1962, Sigler and Sigler 1987), New Mexico (Sublette et
al. 1990), Oregon (Bond 1973, 1994), Utah (Sigler and Miller 1963;
Sigler and Sigler 1996), Washington (Chapman 1942; Wydoski

and Whitney 1979, 2003), and Wyoming (Simon 1946; Baxter and
Simon 1970; Baxter and Stone 1995). They were also introduced
at numerous locations outside of their native range in California
(Moyle 1976, 2002).
Golden trout were first introduced in Washington in 1936,
into 3 or 4 high mountain lakes in the Skykomish River drainage
(Chapman 1942). In 1959, the Washington Department of Game
(WDG) obtained eggs from the Wyoming Department of Fish and
Game (Crawford 1979). The eggs were shipped to the Goldendale,
State Trout Hatchery where they were hatched and reared until
they were stocked into numerous Alpine Lakes in the Cascade
Mountains. “Subsequent shipments occurred during ensuing years
but no plants have been made recently due to a lack of availability of
eggs.” (Crawford 1979).
Currently (2006), WDFW obtains eggs from California in some
years when they are available and stocks them into small high
mountain lakes in the Cascade Mountains. Typical plant sizes vary
from about 190–860 per lake and lakes are not stocked every year.
From 1993–2006, WDFW stocked golden trout into 55 different
Lakes, including 31 lakes in eastern Washington counties and 24
lakes in counties west of the Cascade Crest.
Waters in Chelan county that have received golden trout plants
include: Augusta, Choral, Clear, Cradle, Crystal, Edna, Elsey,
Enchantment #8, Enchantment #9, Enchantment #10, Grace,
Josephine, Rock, Tamarack, unnamed (Cara), unnamed (Clear),
unnamed (Windy), and two unnamed lakes. Waters in Kittitas
County that have received golden trout plants include: Baker
(Thetis), Firewood #1, Glacier, Lorna, Park (lower), Park (upper), Summit Chief and Three Queens lakes. Waters in Okanogan
county that have received golden trout plants include: Beaner,
Schoelite, Washburn and one unnamed lake. Waters in Skamania
County that have received golden trout plants include Bernice and
Island lakes. Waters in Yakima County that have received golden
trout plants include one unnamed (Bauer) lake.
I have also received an unconfirmed report that in 1989 or
1990, golden trout were found in Winchester Creek, Pend Oreille
County, Washington during a survey conducted by U.S. Forest
Service personnel. The fish were found behind a dam and were apparently stocked by a private land owner (Richard LeClaire, Kettle
Falls, WA, pers. comm).

A. T. Scholz
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INTERIOR (REDBAND) RAINBOW/STEELHEAD TROUT

Oncorhynchus mykiss var. gairdneri (Walbaum, 1792)
Primary Identification

Confirming Characters

1.

Adipose fin present.

1.

Red band usually present along lateral line.

2.

Axillary process present at front of pelvic fin.

2.

3.

Dark spots on light background.

Basibranchial (hyoid) teeth weakly developed or
absent. Teeth on tongue well developed.

4.

Anal fin with ≤12 rays.

3.

Lateral line scales 120–170 (usually 135–160).

5.

Interior of mouth white.

4.

Faint red or orange ‘cutthroat marks’ may bepresent
under jaws.

6.

Profuse irregular shaped, small to medium size spots
present on head and body above and below lateral
line. Those on caudal fin in well defined linear arrays. Tips of dorsal, anal and pelvic fins light colored
(white, yellow or orange).

5.

Parr marks elliptical. Supplementary rows usually
present. Obscured by silvery guanine deposits in
anadromous or lake-dwelling adfluvial individuals.

Figure 16.27 Columbia River redband trout, Crab Creek, Lincoln, County, WA. Resident life history strategy. Insets show white mouth
and anadromous steelhead (Lyons Ferry Fish Hatchery, Franklin County, WA).

Similar Species
1.

Coastal cutthroat have rounded parr marks.
Supplementary rows usually absent. Lateral line
scales 111–170 (usually <130).

1.

Golden trout have copper or gold color not matched
by rainbow trout.

2.

Cutthroat have distinctive red/orange cutthroat
marks under jaws and basibranchial (hyoid teeth).

3.

Pacific salmon have ≥13 rays.

4.

Charr (brook, bull and lake trout) have light spots on
dark background.

Etymology
Oncorhynchus: (G.) Onco- = hooked, -rhynchus = snout; hooked
snout. Refers to the kype that develops on jaws of males as a secondary sex character in males of this species.

A. T. Scholz
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mykiss: From mikizha or mykyz, the Kamchatkan native word for
rainbow trout.
gairdneri: Named to honor British naturalist Meredith Gairdner.

Pronunciation
Oncorhynchus - On-co-rhyn-chus (On-co-rhyn-kus)
mykiss - my-kiss
gairdneri - gaird-ner-i

Common Name(s)
Rainbow trout (AFS name), steelhead trout, interior rainbow trout,
redband trout, salmon trout (name used by residents of the Upper
Columbia Basin) (Jordan and Gilbert 1883), pisL (name used by
Spokane Indians, Osterman 1995), héeyay (Nez Perce Indians),
nkwikwiyaqts'a7 (Colville/Okanogan Indians, Kennedy and
Bouchard 1975).

Systematic notes
First described as Salmo mykiss from specimens obtained in
Kamchatka by Walbaum (1792: 59). Later redescribed as Salmo gairdneri (Richardson 1836: 221), Salmo irideus (Gibbons 1855: 36), Salmo
rivularis (Ayres 1855: 42), Fario newberryi, Salmo newberryi (Girard
1858: 224, 255), Salmo masoni (Suckley 1860: 345), Salmo truncatus
(Suckley 1862: 3), Salmo stellatus (Günther 1866: 117) and by several
other names. Most of these early names were eventually placed in
synonymy within Salmo gairdneri Richardson by David Starr Jordan
who examined specimens of S. gairdneri, S. irideus, S. rivularis, S.
masoni, and S. newberryi and concluded they represented variations
of the same species (Jordan 1878). The reason why Jordan didn’t place
the names under the oldest name (S. mykiss) was because he was under the misapprehension that S. mykiss was a cutthroat trout. Later,
Jordan and Evermann (1896–1900) placed all the names in synonymy
with either S. gairdneri Richardson or S. irideus Gibbons. From their
descriptions S. irideus had primarily a coastal distribution whereas S.
gairdneri had primarily an interior distribution. Jordan had named
another subspecies of S. gairdneri from the Sacramento River basin
S. gairdneri stonei (Jordan 1894: 142). Jordan and Evermann (1896–
1900) changed it to S. irideus stonei. Jordan also named the Kamloops
trout from British Columbia Oncorhynchus kamloops (Jordan 1892a:
405) but almost immediately changed it to Salmo kamloops (Jordan
1892b: 60, 61). Jordan and Evermann (1896–1900) called the kamloops a subspecies of S. gairdneri (S. gairdneri kamloops).
Mottley (1933, 1934, 1936, 1937) demonstrated that meristic characters of rainbow trout, such as the number of scales in the lateral
line row, could be altered by incubating eggs at different temperatures, indicating that variations in these characters were environmentally induced instead of reflecting evolutionary divergence.
Since this species was so variable, Needham and Guard (1959) suggested there was no utility to using subspecies names, so they classified all rainbow trout of western Northern America into S. gairdneri.
As a result, Chute et al. (1947), in the first edition of the American
Fisheries Society (AFS) common and scientific names of fishes classified all of the rainbow into a single species Salmo gairdneri without any reference to subspecies. This practice was also followed in
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three subsequent editions of the AFS book (Bailey et al. 1960, 1970;
Robins et al. 1980). Thus, rainbow trout enjoyed a stability in its nomenclature and was known as Salmo gairdneri from about the mid1930s until 1991. In 1991, the American Fisheries Society changed
the name to Oncorhynchus mykiss (Robins et al. 1991).
Jordan and Evermann (1898) discovered that the species they
had formerly called cutthroat trout Salmo mykiss Walbaum was
actually rainbow trout. They immediately changed the name of the
cutthroat trout to Salmo clarkii, but for an unknown reason did not
change the scientific name of the rainbow trout to Salmo mykiss.
Behnke (1979, 1992) pointed out that Walbaum’s (1792) Salmo
mykiss was, in fact, the oldest available name for rainbow trout,
predating Richardson’s (1836) Salmo gairdneri by 44 years. Since
Salmo mykiss was the oldest name, by rights mykiss should be used
as the specific epithet instead of gairdneri.
Behnke (1966) first noted the morphological similarity of S. gairdneri to the Kamchatka trout Salmo mykiss. Mednikov and Akhundov
(1975) determined that S. mykiss and S. gairdneri had similar DNA.
Okazaki (1984) examined proteins by electrophoresis and found that
coastal rainbow trout from North America were genetically more
similar to the Kamchatkan trout than they were to the interior form
of rainbow trout from North America. Vasilyev (1975); Gold (1977)
and Thorgard (1977, 1983) found that all interior rainbow from North
America have 58 chromosomes whereas coastal rainbow from North
America have 58–64 chromosomes and Kamchatkan trout have 58–60
chromosomes. For comparison cutthroat trout have 64–68 chromosomes. Thus, S. gairdneri was placed in synonymy with S. mykiss.
Rainbow trout and cutthroat trout were originally classified
in the genus Salmo along with Atlantic salmon (Salmo solar) and
brown trout (Salmo trutta) because they shared certain traits with
them e.g., all four species had white mouths, square anal fins with
12 or fewer rays and spawning kypes that develop on the lower
jaw. In contrast Pacific salmon have black mouths and rectangular
anal fins with 13 or more rays and spawning kypes that develop
on the upper jaw. George Suckley (1862) first assigned the name
Oncorhynchus as a subgenus for male specimens of Pacific salmon
with a distinctive hooked snout. Günther (1866) elevated Suckley’s
subgeneric name to the generic level and used it describe and separate the Pacific salmon from other salmonid fishes. In Günther’s
classification Oncorhynchus had 13 or more anal fin rays and other
salmonid fish had 12 or fewer anal rays. Jordan and Gilbert (1883–
1900) followed Günther’s lead.
Regan (1914) examined the skeletons of Pacific and Atlantic
salmon and trout and concluded that salmon and trout of the Pacific
form one natural group and salmon and trout of the Atlantic form
another. This result suggested that both Pacific salmon and trout
should be placed in the same genus, and both Atlantic salmon and
Atlantic trout should be placed in a different genus. Subsequent
cladistic analysis (Smith and Stearly 1989; Stearly and Smith 1993)
and molecular genetic analysis (Berg and Ferris 1984; Grewe et al.
1990; Mednikov et al. 1999) supported this view.
Smith and Stearly (1989) and Stearly and Smith (1993) conducted a cladistic analysis of salmonid fishes by comparing 119
morphological characters. Their results showed that the Pacific
trout (both rainbow and cutthroat) shared more characters with
Pacific salmon than they shared with Atlantic salmon and brown
trout. They grouped Pacific salmon and trout in one clade and
Atlantic salmon and trout in another.
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This classification would better reflect that Pacific salmon and
trout on the one hand, and Atlantic salmon and trout on the other
have diverged into two separate evolutionary lineages. Since the
objective of modern taxonomy is the development schemes that
reflect evolutionary relationships between organisms, Smith and
Stearly (1989) and Stearly and Smith (1993) suggested that rainbow trout be moved into the genus Oncorhynchus and be called
Oncorhynchus mykiss (Walbaum).
The AFS/ASIH Committee on Names of Fishes adopted this
change in their 5th edition of its “List of Common and Scientific
Names on Fishes from the United States and Canada” (Robins et al.
1991), and continued to designate the rainbow trout as Oncorhynchus
mykiss (Walbaum, 1792), in the 6th edition (Nelson et al. 2004).
Needham and Behnke (1962) and Behnke (1970, 1972, 1979,
1981, 1986, 1988, 1992, 2002) found that variations in lateral line
scale counts and pyloric caeca counts between rainbow from
coastal areas and rainbow from the interior were too consistent
and two widespread to be derived from environmental influences
alone. The interior form had higher scale counts (150 ±8 vs. 127 ±7)
and fewer pyloric caeca (40 ±4 vs. 55 ±8) than the coastal form.
Additionally, in comparison to coastal forms the interior form
(redband trout) could be distinguished by elliptical rather than
rounded parr marks, the presence of faint red, orange, or yellow
cutthroat marks, the presence of vestigial basibranchial (hyoid)
teeth, and yellow white, or orange tip on the dorsal anal and pelvic
fins. Behnke (1979) designated the coastal form as Salmo mykiss
irideus and the interior form a Salmo mykiss gairdneri. After the
AFS Committee changed the generic name of rainbow trout to
Oncorhynchus, he changed the names to Oncorhynchus mykiss irideus and Oncorhynchus mykiss gairdneri (Behnke 1992, 2002). He
called the coastal form by the common name rainbow trout and
the interior form by the common name redband to further differentiate between the two forms. He used the word steelhead to
describe the anadromous life history variant of both subspecies.
Thorgard (1977, 1983) showed that all interior populations
of rainbow trout had 58 chromosomes whereas coastal populations had 58–64 chromosomes. Allendorf (1975) and Utter and
Allendorf (1977) found that coastal rainbow and interior rainbow
from the Columbia Basin varied genetically. Coastal rainbow populations that they examined all contained a different allele of the
enzyme lactate dehydrogenase (LDH- B2 · 100) than the interior
populations they examined (LDH- B2 · 76). Parkinson et al. (1984)
extended this work by showing distinctive differences between
coastal and interior steelhead trout at three additional allozyme
gene loci. Taylor (1985), Williams et al. (1996), Beacham et al. (1999,
2004), and Knudsen (2002) have shown differences in the nucleotide base sequences in microsatellite or minisatellite DNA between
coastal and inland rainbow trout.
Thus, since it appears that there may be a genetic basis for the
phenotypic difference between the coastal and inland forms of
the rainbow trout, I am inclined to accept Behnke’s classification
of rainbow trout into two subspecies (or at least two variations).
Hence, I call the coastal rainbow/steelhead form Oncorhynchus
mykiss var. irideus and recognize two life history variations within
this group: (1) An anadromous life history variant, and (2) a resident life history variant that is found above barrier falls in coastal
tributaries. The coastal form is the same from California to Alaska.
I call the interior form interior (redband) rainbow/steelhead
trout. I recognize 3 latitude variants of interior (redband) trout:

Oncorhynchus mykiss var. gairdneri from the interior Columbia
and Fraser river basins; Oncorhynchus mykiss var. newberryi from
the interior Klamath River and Great Basin; and Oncorhynchus
mykiss stonei from the interior Sacramento River Basin. The Fraser/
Columbia interior (redband) rainbow/steelhead trout are grouped
together because the two rivers were connected together in the late
Pleistocene via the Okanogan River (McPhail and Lindsey 1986).
I recognize four life history variations within this group: (1) An
anadromous life history variant; (2) A resident life history variant that occupies small headwater tributaries; (3) A fluvial life history variant that migrates between small headwater tributaries and
larger rivers; and (4) An adfluvial life history variant that migrates
from tributaries into either lakes or reservoirs. In my view, the
Kamloops trout of the Upper Columbia River Basin is an adfluvial
life history variant of the interior (redband) trout O. mykiss gairdneri that has specialized to feed on kokanee salmon in large lakes.

Scientific Synonyms
Salmo mykiss original description.
Walbaum (1792: 59).

Salmo gairdneri (sp. nov.)
Richardson (1836: 221).

Salmo gairdneri (Richardson)

Suckley (1860: 331; 1874: 114); Günther (1866: 116); Stone
(1878: 816); Jordan and Gilbert (1881: 457, 1883: 3833); Jordan
and Starks (1895: 792); Gilbert and Evermann (1895: 80);
Jordan and Evermann (1896–1900: 498; 1902: 190); Evermann
(1896: 253); Henshall (1906: 5,7); Fowler (1923: 280); Jordan
(1923: 85); Schultz (1924: 4; 1943: 19); Jordan, Evermann, and
Clark (1930: 58); Mottley (1934: 11; 1936: 3); Dymond (1936: 61;
1955: 546); Chute et al. (1947: 10); Beckman (1953: 19); Carl,
Clemons and Lindsey (1959: 71; 1967: 71); Shapovalov, Dill and
Cordone (1959: 171); Bailey et al. (1960: 11; 1970: 17); Clemons
and Wilby (1961: 109); LaRivers (1962: 300); Sigler and Miller
(1963: 391); McPhail and Lindsey (1970: 159); Everhart and
Seaman (1971: 30); Scott and Crossman (1973: 184; 1998: 184);
Wydoski and Whitney (1979: 43); Lee et al. (1980: 106); Robins
et al. (1980: 19); Simpson and Wallace (1982: 64); Sigler and
Sigler (1987: 119).

Salmo gairdneri (Richardson, 1836)

Hart (1973: 128); Hubbs et al. (1979: 7).

Salmo gairdneri

Bean (1888: 309); Keil (1928: 114); Locke (1929: 186); Hubbs and
Miller (1943: 383); Miller and Miller (1943: 183); Shapovalov
and Dill (1950: 395); Brown (1971: 55); Maughan (1976: 78);
Eschmeyer et al. (1983: 78); McGinnis (1984: 122); Page and Burr
(1991: 54).

Salmo gairdneri gairdneri (Richardson)

Schultz and DeLacy (1935/1936: 373); Schultz (1936: 137); Carl
and Clemons (1948: 42, 57); Moyle (1976: 127).

Salmo gairdneri gairdneri

Schultz and Hanson (1935: 12); Smith (1984: 98).

Fario gairdneri

A. T. Scholz

Girard (1956: 219, 1858: 225, 1859: 313).
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Oncorhynchus mykiss (Walbaum)

Sigler and Sigler (1992: 175; 2002: 81); Moyle (2002: 271);
Wydoski and Whitney (2003: 73).

Oncorhynchus mykiss gairdneri
Sigler and Sigler (1996: 177).

Oncorhynchus mykiss (Walbaum, 1792)

Robins et al. (1991: 28); Mecklenburg et al. (2002: 204); Nelson
et al. (2004: 86).

Oncorhynchus mykiss var. gairdneri (Walbaum, 1792)
Scholz and McLellan (2009: 185; 2010: 437).

Distribution and Stock Status
Rainbow/ steelhead trout are native to rivers of Siberia that drain
into the Bering Sea and the Sea of Okhotsk. On the west coast of
North America they were native to rivers that drain into the Pacific
Ocean and Bering Sea between Baja California and the Kuskokwim
River, Bristol Bay, Alaska. Both anadromous (steelhead) and nonanadromous (rainbow) are known from these locations. They are
also native to the Peace River system in British Columbia and
Alberta and the Athabasca River drainage of Alberta. Both rivers
drain into the McKenzie River and eventually the Arctic Ocean
(Carl et al. 1967; Nelson and Paetz 1992). Only resident forms, confined to the upper reaches of each river, are present in the Peace
and Athabasca drainages.
Fulton (1970) reported that interior (redband) steelhead trout
historically spawned in the following Washington tributaries of the
Columbia Basin above Bonneville Dam.
1.

Lower 3 km of Eagle Creek (Columbia River of RKM 234);

2.

Lower 1.6 km of Herman Creek (RKM 240);

3.

Wind River (RKM 248);

4.

Lower 0.8 km of the Little White Salmon River
(RKM 259);

5.

White Salmon River (RKM 269);

6.

Klickitat River (RKM 288);

7.

Walla Walla River (RKM 503) and its’ principle tributary (Touchet River);

8.

Yakima River (RKM 536) and it’s tributaries (Naches
River, Satus and Toppenish Creeks);

9.

Wenatchee River (RKM 749) and it’s tributaries (Little
Wenatchee, Chiwawa and White Rivers; Chiwaukum,
Icicle, Mission, Nason, and Peshastin creeks);

10. Entiat River (RKM 776) and it’s main tributary (Mad
River);
11.
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Methow River (RKM 838) and it’s tributaries
(Chewack and Twisp Rivers; Beaver Creek);

12. Okanogan River (RKM 854) and its tributaries
(Similkameen River and Omak Creek);
13. Spokane River (RKM 1029) and its tributaries
(Chamokane Creek, Little Spokane River, Deep
Creek and Latah Creek);
14. Pend Oreille River (RKM 1,194) and its principle
tributary (Salmo River);
15. Columbia mainstem between RKM 635 and
RKM 1,194;
16. Snake River. The Snake River enters the Columbia at
RKM 519 and is 1600 km long. Steelhead spawned in
the mainstem of the Snake from its confluence with
the Columbia upstream to just below Shoshone Falls
at Snake RKM 952;
17. Palouse River (Snake RKM 96). Blocked by insurmountable Palouse Falls at RKM 10. There was no
record that the lower river was used by steelhead;
18. Tucannon River (Snake RKM 100.1);
19. Asotin Creek (Snake RKM 234) and its tributaries
(North and South Forks Asotin Creek); and
20. Grande Ronde River (Snake RKM 272) and its tributaries (Lostine, Minam, Wallowa and Wenaha Rivers;
Beaver, Butte, Catherine, Clark, Cottonwood, Crow,
Indian, Joseph, Looking Glass, Meadow, Sheep and
Swamp Creeks). The majority of these tributaries are
located in Oregon.
Steelhead are still widely distributed in the Columbia Basin
except in the upper Columbia, Spokane, and Pend Oreille rivers,
which were made inaccessible by Grande Coulee Dam (RKM 961)
in 1939 and later by Chief Joseph Dam (RKM 877) in 1955. Inland
interior (redband) rainbow trout still occur in this area however.
Steelhead migration up the Snake River was blocked in 1964 by
Hells Canyon Dam (Snake RKM 398).
The minimum historical run size of steelhead into the Columbia
River in the late 1800s was estimated at 449,000 (Chapman et al.
1986) to 850,000 (NPPC 1986) individuals. The average run size
of steelhead into the Columbia River from 1938 to 2002 was estimated at 307,100, composed of 52,700 winter steelhead and 254,400
summer steelhead (WDFW/ODFW 2005). The average from 1991
to 2002 was 354,400, composed of 28,700 winter steelhead and
324,900 summer steelhead (WDFW/ODFW 2005).
Table 16.33 shows the number of steelhead counted at each of
the mainstem dams on the Columbia and Snake Rivers. The mean,
maximum and minimum counts are given over the period of record (the number of years counts have been made, varies with each
dam) and for just the past 10 years (2001–2010). This table serves
two purposes. First, it allows the reader to see how the run is distributed in the Columbia and Snake basins. Second, comparing records for the past 10 years with the period or record allows readers
to see how much progress has been made in restoring runs. Note
that the most recent 10 year coincided with a period when survival
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Table 16.33

Counts of Steelhead trout passing fish ladders on the Columbia and Snake river dams for the period of record and the most
recent 10 year interval (2001–2010) at each dam. C = Columbia River. S = Snake River.
Period of record
(years)

Average count for
period of record

Period for most recent
10 year interval

Average count for most
recent 10 year interval

C 232.8

1938–2010

223,922

2001–2010

516,154

The Dalles

C 306.7

1957–2010

196,590

2001–2010

405,708

John Day

C 345.0

1968–2010

196,353

2001–2010

399,644

McNary

C 476.0

1954–2010

144,290

2001–2010

323,104

Priest Rapids

C 635.2

1960–2010

9,978

2001–2010

20,331

Wanapum

C 664.0

-

-

2006–2010

21,978

Rock Island

C 724.8

1977–2010

16,271

2001–2010

27,895

Rocky Reach

C 758.8

1977–2010

11,704

2001–2010

21,252

Wells

C 825.3

1977–2010

9,398

2001–2010

16,359

Ice Harbor

S 15.5

1962–2010

109,005

2001–2010

234,938

Lower Monumental

S 66.6

1969–2010

109,547

2001–2010

236,464

Little Goose

S 112.5

1975–2010

121,789

2001–2010

238,580

Lower Granite

S 171.2

1975–2010

121,789

2001–2010

238,580

Dam

RKM

Bonneville

at sea was high due to high ocean productivity (1999–2002) associated with a positive phase of the Pacific Decadal Oscillation (PDO).
In general for most dams on the Columbia and Snake Rivers, steelhead counts during the past ten years have been considerably
higher (about 2.3 times higher) than counts over the period of record. For example, at Bonneville Dam the mean counts during the
past 10 years (2001–2010) have averaged 516,154 steelhead per year
compared to the mean count over the period of record (1938–2010)
that averaged 223,992 steelhead per year. The lowest count was in
1974 (85,540 steelhead) and the highest was in 2001 (783,046 steelhead) (See Table 5.5 [Volume I, page 234] for each annual count
at Bonneville Dam).
Most steelhead ascending the Columbia above Bonneville Dam,
at the junction of the Columbia and Snake Rivers, enter the Snake
River. For example, over the period of record the average number
of steelhead counted at McNary Dam, on the Columbia River just
below the junction of the two rivers averaged 144,290. The number
of steelhead that ascended Priest Rapids Dam, the first dam on the
Columbia River above the junction of the two rivers, averaged just
9,798 (1960–2010) steelhead over the period of record; whereas the
number of steelhead that ascended Ice Harbor Dam, the first dam
on the Snake River above the junction of the two rivers, averaged
109,005 over the period of record (1969–2010). If the counts during just the past 10 years (2001–2010) are compared, the number
of steelhead counted averaged 323,104 at McNary Dam, 20,331 at
Priest Rapids Dam, and 234,938 at Ice Harbor Dam.
Most of the steelhead that ascend the Columbia above Priest
Rapids Dam migrate into the Wenatchee River (on average about
4,567 per year estimated by subtracting the Rocky Reach count from
the Rock Island count), the Entiat River (on average about 2,306 per
year, estimated by subtracting the Wells Dam count from the Rocky
Reach count) and the Methow and Okanogan rivers (on average
about 9,398 per year, estimated from the Wells Dam Count).
Since 1994 records have been kept on the number of wild vs.
hatchery steelhead counted at dams on the Columbia and Snake
rivers. The percentage of wild fish varied from 16.8–36.6% and averaged 24.3% between 1994 and 2006.

Nehlsen et al. (1991) identified the following stocks of summer
steelhead in eastern Washington at risk of extinction: Wind River,
White Salmon River, Hood River, Klickitat River, Walla Walla
River, Tucannon River, Asotin Creek, Wenatchee River, Entiat
River, Methow River, and Okanogan River. Also, the following
stocks of winter steelhead in eastern Washington were identified as
at risk for extinction: Wind River, Hood River, Fifteen Mile Creek,
and Klickitat River, and small tributaries above Bonneville Dam.
In May 1998, the National Marine Fisheries Service (NMFS) classified wild steelhead (Summer and Winter) destined for lower Columbia
River tributaries (below Bonneville Dam) as a single Evolutionary
Significant Unit (ESU) (Lower Columbia River) and listed them as
threatened under the Endangered Species Act (ESA) of 1972. In May
1999, NMFS classified wild steelhead destined for the Willamette River
above Willamette Falls as an ESU (Upper Willamette) and listed them
as threatened under the ESA. In October 1997, NMFS classified wild
steelhead destined for the upper Columbia and Snake River as two
separate ESUs (upper Columbia River and Snake River). NMFS designated the upper Columbia ESU as Endangered and the Snake River
ESU as threatened under the ESA. In May 1999, NMFS classified wild
steelhead destined for Middle Columbia River tributaries (Wenatchee,
Entiat, Methow, Okanogan) as single ESU (mid Columbia River) and
listed them as threatened under the ESA.
From 1962 to 1966, the average (range) of summer steelhead
harvested was 14,241 (9,904–21,84) in the Snake River, 9,949
(8,195–14,176) in the Lower Columbia, 9004 (5,406–12,759) in the
Upper Columbia, 3,312 (1,485–8,093) in the Klickitat, 2,892 (2,117–
3,985) in the Grande Ronde, 1,880 (1,174–3,069) in the Yakima and
7,201 (3,658–12,351) in miscellaneous tributaries (Fulton 1970).
The estimated summer and winter steelhead harvest in the
Columbia and Snake rivers and each Washington tributary entering both rivers above Bonneville Dam from 1996 to 2007 is shown
in Table 16.34 (WDFW 1998, 1999, 2991, 2002, 2004a, 2004b, 2007a,
2007b, 2007c, 2007d, 2007e). These estimates were based on punch
card data submitted by anglers to WDFW. The total number of
steelhead harvested in Washington was 33,163 in 1996/1997, 36,173
in 1997/1998, 18,703 in 1998/1999, 25,356 in 1999/2000, 40,802 in
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Table 16.34

Location

Estimated steelhead harvest above Bonneville Dam in the Columbia and Snake Rivers (1996–2007). Stock: SSH = summer
steelhead, WSH = winter steelhead, - = no data available. (Page 1 of 2.)
Stock

96/97

97/98

98/99

99/00

00/01

01/02

02/03

03/04

04/05

05/06

06/07

Mean

Columbia River reservoirs
Bonneville
Reservoir

SSH

242

417

198

254

516

767

456

435

214

282

361

377

Dalles
Reservoir

SSH

463

877

177

710

510

1,037

1,059

386

282

478

367

577

John Day
Reservoir

SSH

383

809

464

647

626

1,567

1,952

1,234

377

773

945

889

McNary
Reservoir

SSH

1,330

1,421

1,477

1,670

2,774

6,784

5,221

1,570

796

2,648

2,980

2,606

Hanford Reach

SSH

2,855

1,417

1,124

1,215

2,370

1,655

1,289

3,653

2,977

2,043

1,914

2,047

Priest Rapids
Reservoir

SSH

12

6

3

3

4

16

-

-

4

8

-

7

Wanapum
Reservoir

SSH

26

-

-

16

0

14

4

-

2

2

-

9

Rock Island
Reservoir

SSH

308

30

3

0

4

47

-

30

29

-

56

Rocky Reach
Reservoir

SSH

417

27

-

0

4

3

176

98

96

175

148

114

Wells
Reservoir

SSH

798

62

-

0

8

23

816

164

169

444

699

318

Columbia River tributaries
Wind River

SSH

554

493

740

425

249

1,250

180

516

419

822

295

540

Little White
Salmon River

SSH

1,762

4,362

2,931

2,767

8,321

10,793

6,430

8,925

6,845

7,127

5,270

5,958

White Salmon
River

SSH

2,496

1,779

1,123

1,121

2,135

8,411

3,135

4,668

1,793

3,397

4,729

3,162

White Salmon
River

WSH

0

0

0

94

67

332

133

109

338

69

42

108

Klickitat River

SSH

621

1,080

662

603

1,369

3,491

3,256

1,437

1,518

1,004

1,585

1,511

Klickitat River

WSH

0

0

0

0

123

233

504

236

140

6

29

116

Rock Creek

SSH

4

15

-

11

18

15

-

2

3

2

-

9

Walla Walla
River

SSH

1,528

1,882

282

537

1,014

2,011

724

495

1,489

367

458

981

SSH

101

68

16

13

15

3

12

-

6

4

7

25

SSH

289

513

51

186

470

813

204

208

282

136

162

301

SSH

44

15

-

59

3

33

-

-

6

16

-

25

SSH

-

-

-

0

0

9

-

-

-

-

-

3

SSH

-

10

8

0

6

21

12

5

-

-

-

9

SSH

-

-

-

11

0

18

-

2

-

-

-

8

SSH

-

25

4

-

-

-

-

7

-

-

-

12

SSH

529

85

16

85

0

62

-

-

6

4

-

98

SSH

4

-

-

5

0

20

49

-

2

2

12

Entiat River

SSH

306

75

-

22

0

9

-

715

-

-

-

188

Methow River

SSH

306

-

-

20

12

9

848

1,024

1,277

1,274

-

596

Yakima River

Wenatchee
River

Table 16.33 concluded on next page.
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Table 16.34 continued Estimated steelhead harvest above Bonneville Dam in the Columbia and Snake Rivers (1996–2007). Stock:
SSH = summer steelhead, WSH = winter steelhead, - = no data available. (Page 2 of 2.)
Location

Stock

96/97

97/98

98/99

99/00

00/01

01/02

02/03

03/04

04/05

05/06

06/07

Mean

Okanogan
River

SSH

150

-

-

11

12

1,943

881

572

439

692

-

588

SSH

154

5

-

-

6

436

280

-

720

451

-

293

SSH

-

-

-

27

-

-

-

-

-

-

-

27

Lake Chelan

Snake River Reservoirs
Below Ice
Harbor Dam

SSH

90

210

48

40

118

506

324

184

141

96

159

174

Ice Harbor
Reservoir

SSH

2,093

2,721

953

1,419

1,818

2,427

2,321

1,612

2,245

2,175

2,510

2,027

Lower
Monumental
Reservoir

SSH

5,028

4,354

2,075

3,186

2,827

6,577

4,578

2,445

3,007

3,718

2,933

3,703

Little Goose
Reservoir

SSH

839

1,247

531

1,654

1,169

1,812

1,787

775

911

954

810

1,135

Lower Granite
Reservoir

SSH

1,757

2,315

1,399

2,173

3,435

4,233

5,554

3,441

3,033

2,739

2,158

2,931

Snake River
above
Clarkston, WA

SSH

3,387

4,468

2,654

3,078

4,364

6,751

3,960

4,665

3,297

2,996

2,144

3,797

848

748

290

1,146

610

1,759

1,156

990

1,380

600

550

916

Snake River Tributaries
Tucannon
River

SSH

Asotin Creek

SSH

-

40

4

-

-

-

-

-

-

-

-

22

Grande Ronde
River

SSH

3,412

4,597

1,470

2,148

5,825

8,041

5,842

4,910

4,611

4,522

3,062

4,404

Total:

33,136

36,173

18,703

25,356

40,802

73,931

53,143

45,483

38,855

40,053

34,319

40,677

1996/1997 total includes 901 unmarked fish and 32,235 marked (hatchery) fish.
1997/1998 total includes 682 unmarked fish and 35,491 marked (hatchery) fish.
1998/1999 total includes 784 unmarked fish and 17,919 marked (hatchery) fish.
2000/2001 total includes 949 unmarked fish and 39,853 marked (hatchery) fish.
2001/2002 total includes 967 unmarked fish and 72,964 marked (hatchery) fish.
2002/2003 total includes 0 unmarked fish and 53,143 marked (hatchery) fish.
2003/2004 total includes 24 unmarked fish and 45,459 marked (hatchery) fish.
2004/2005 total includes 0 unmarked fish and 38,855 marked (hatchery) fish.
2005/2006 total includes 6 unmarked fish and 40,047 marked (hatchery) fish.
2006/2007 total includes 0 unmarked fish and 34,319 marked (hatchery) fish.

2000/2001, 73,931 in 2001/2002, 53,143 in 2002/2003, 45,483 in
2003/2004, 38,855 in 2004/2005, 40,053 in 2005/2006, and 34,319
in 2006/2007.
The average number (range) of summer steelhead harvested
annually in each of the mainstem Columbia River reservoirs between 1996 and 2007 was 377 (198–767) in Bonneville Reservoir,
577 (177–1,059) in the Dalles Reservoir, 889 (383–1,952) in John
Day Reservoir, 2,6–2,606 (796–6,784) in McNary Reservoir, 2,047
(1,124–3,653) in the Hanford Reach, 7 (3–16) in Priest Rapids
Reservoir, 9 (0–26) in Wanapum Reservoir, 56 (0–308) in Rock
Island Reservoir, 114 (0–417) in Rocky Reach Reservoir, and 318
(0–816) in Wells Reservoir.
The average number (range) of summer steelhead harvested annually in tributaries entering the Columbia River above Bonneville
Dam between 1996 and 2007 was 540 (180–1,250) in Wind River,

5,958 (2,767–10,793) in the Little White Salmon River, 3,162 (1,121–
8,411) in the White Salmon River, 1,511 (603–3,491) in the Klickitat
River, 9 (2–18) in Rock Creek; 981 (282–2,011) in the Walla Walla
River, 25 (3–101) in Mill Creek (tributary of the Walla Walla River),
301 (51–813) in the Touchet River (tributary of the Walla Walla
River) 57 (6–81) in the Yakima Basin 98 (0–533) in the Wenatchee
Basin 188 (0–306) in the Entiat River, 596 (9–1,274) in the Methow
River and 320 (5–2,379) in the Okanogan/ Similkameen Rivers.
The average number (range) of summer steelhead harvested
annually in the mainstem Snake River from 1996–2007 was 174
(48–506) in the area below Ice Harbor Dam, 2,027 (953–2,721) in
Ice Harbor Reservoir, 3,703(2,075–6,597) in Lower Monumental
Reservoir, 1,135 (531–1,812) in Little Goose Reservoir , 2,931 (1,399–
5,554) in Lower Granite Reservoir upstream to the Highway 395
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bride at Clarkston, Washington and 3,797 (2,114–6,751) in the Snake
River above the Highway 395 bridge at Clarkston, Washington.
The average number (range) of steelhead harvested annually in
Washington tributaries of the Snake River from 1996 to 2007 was
916 (290–1,759) in the Tucannon River, 22 (0–40) in Asotin Creek,
and 4,404 (1,470–8,041) in the Grande Ronde River.
Commercial harvest of steelhead was prohibited in 1975, although a small number (about 40 steelhead per year) are harvested
incidentally. All hatchery fish now bear some type of mark and anglers are required to release all wild (unmarked) fish basin-wide.
Winter steelhead redd counts and escapement were estimated
in the Wind River, Skamania County, in 1985 (Lucas and Nowa
1986) and 1987 (Lucas and Pointer 1987). In 1985, 127 mainstem
redds were counted and escapement was estimated at 434 steelhead. In 1987, 129 mainstem redds and 247 tributary redds were
counted, for a total redd count of 376 and escapement was estimated at 608 steelhead.
Escapement and total run size data are unavailable for the Little
White Salmon River, Skamania County, Washington. This was because it was difficult to make counts of redds in the spring when
rainbow/steelhead spawn because flows are high due to snow melt
runoff. However, total sport harvest data are available from 1978
to 2007. Hatchery plus wild steelhead harvest totaled 166 in 78/79,
33 in 79/80, 87 in 80/81, 300 in 81/82, 22 in 82/83, 21 in 83/84, 805
in 84/85, 1,506 in 85/86, 2,290 in 86/87, 2,389 in 87/88, 1,208 in
88/89, 2,305 in 89/90, 1,996 in 90/91, 3,171 in 91/92, 4,837 in 92/93,
2,280 in 93/94, 2685 in 94/95, 3,745 in 95/96, 1,763 in 96/97, 4,359
in 97/98, 2,961 in 98/99, 2,767 in 99/00, 8,321 in 00/01, 10,793 in
01/02, 6,131 in 02/03, 8,925 in 03/04, 6,845 in 04/05, 7,127 in 05/06,
5,270 in 06/07. Harvest of hatchery steelhead greatly outnumbered
that of wild steelhead. For example, during the most recent 5 year
period harvest was 6,143 (2,718–10,692) hatchery steelhead and 71
(30–146) wild steelhead.
Escapement and total run size data are unavailable for the Big
White Salmon River, Klickitat County, Washington. However,
sport harvest data are available for both the summer run and winter run steelhead from 1977 to 2007. Hatchery plus wild harvest
of summer run steelhead totaled 154 in 77/78, 624 in 78/79, 738
in 79/80 713 in 80/81, 1,304 in 81/82, 1,188 in 82/83, 1,173 in 83/84,
1,855 in 84/85, 3,456 in 85/86, 2,934 in 86/87, 3,761 in 87/88, 2,773
in 88/89, 2,346 in 89/90, 1,067 in 90/91, 1,721 in 91/92, 3,731 in
92/93, 1,335 in 93/94, 2,147 in 94/95, 2,685 in 95/96, 2,492 in 96/97,
1,776 in 97/98, 1,073 in 98/99, 1,121 in 99/00, 2,135 in 00/01, 8,411
in 01/02, 2,982 in 02/03, 4,668 in 03/04, 1,793 in 04/05, 3,397 in
05/06, 4,729 in 06/07. Hatchery fish outnumbered wild fish by a
wide margin. From 1998–2002, the average (range) in harvest was
3,113 (1,055–8,363) for hatchery fish and 31 (11–60) for wild fish.
Hatchery plus wild harvest of winter run steelhead in the Big
White Salmon River totaled 9 in 77/78, 12 in 78/79, 9 in 79/80,
13 in 80/81, 14 in 81/82, 3 in 82/83, 133 in 83/84, 336 in 84/85, 81 in
85/86, 173 in 86/87, 196 in 87/88, 146 in 88/89, 148 in 89/90, 57 in
90/91, 27 in 91/92, 113 in 92/93, 137 in 93/94, 100 in 94/95, 25 in
95/96, 5 in 96/97, 6 in 97/98, 50 in 98/99, 94 in 99/00, 67 in 00/01,
332 in 01/02, 128 in 02/03, 109 in 03/04, 338 in 04/05, 69 in 05/06,
42 in 06/07. From 1998–2002, the average (range) in harvest was
144 (50–315) hatchery fish and 3 (0–17) for wild fish.
Sport harvest, tribal harvest, escapement and total run size
data are available for the Klickitat River summer-run steelhead
for the 1981/1982 to 1985/1986 return years. During this interval
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sport harvest averaged (ranged) 1,842 (883–3,972), tribal harvest averaged (ranged) 889 (499–1,404), escapement averaged
(ranged) 2,808 (1,335–5,972), and total run size (harvest + escapement) averaged (ranged) 5,549 (2,938–10,964). From 1986–2007
sport harvest data is available. Hatchery plus wild harvest of summer run steelhead averaged (ranged) 1,307 (554–3,419) annually
during the interval. Hatchery fish outnumbered wild fish. From
1998–2002, the average (range) in harvest was 1,790 (545–3,479)
hatchery fish and 40 (9–92) wild fish. The Klickitat River also harbors a small run of about 200 to 300 winter steelhead.
Estimates of the historical run size of summer steelhead into
the Yakima River ranged from 28,000 to greater than 100,000
(Freudenthal et al. 2005). Currently, the run size of steelhead is
at a fraction of this level. Adult steelhead were counted at Prosser
Dam (RKM 74), which is downstream from all known spawning
populations. Over the period of record (1984–2011) the number
of steelhead has averaged (ranged) 1,832 (548–6,643) annually
(Bosch 2005; Columbia River Dart 2012). The highest count
(6,643) was made in 2010. During the most recent 10 years (2002–
2011) the count averaged (ranged) 2,253 (1,474–6,643) steelhead.
Most of these were wild steelhead, i.e. 1,524 (1,458–6,428) (Table
16.35).
Adult steelhead were also counted at Roza Dam (RKM 185).
Over the period of record (1940–2011), the number of steelhead
counted at Roza Dam has averaged (ranged) 43 (0–347) annually (Table 16.35) (Bosch 2005). No steelhead were counted in 22
years of the 71 year period of record, including all years between
1967–1982 and 1986–1990. The maximum count occurred in 2011.
During the most recent 10 years (2002–2011), the count has averaged (ranged) 204 (58–347) annually. Most of these were wild
steelhead 160 (0–306) (Table 16.35).
The Prosser Dam count (3,627) minus the Roza Dam count
(175) has averaged 3,452 steelhead during the past 10 years
(2002–2011). These data indicate that approximately 94% of the
run migrates into tributaries located between the two dams and
only about 6% ascend above Roza Dam into the upper Yakima
Basin. A radio tracking study was conducted from 1992 to 1995.
A total of 105 adult steelhead were tagged as they passed Prosser
Dam (Hockersmith et al. 1995). Forty-eight percent of them were
tracked into Satus Creek, 31.6% into Toppenish Creek, 13.3% into
the Naches River, and 7.1% ascended above Roza Dam into the
upper Yakima.
Wild (n = 85) and hatchery (n = 11) steelhead were tagged with
radio transmitters as they passed Roza Dam in 2001–2002 (Karp
et al. 2002). Wild (n = 98) steelhead were also tagged with radio
transmitters as they passed Prosser Dam in 2001–2002 (Karp
et al. 2002). Those tagged at Roza Dam spawned in the Yakima
River (n = 34), Naches River (n = 2), Teanaway River (n = 24),
Swauk Creek (9) and three other tributaries (n = 5). Those tagged
at Prosser Dam spawned in the Yakima River (n = 40), Teanaway
River (n = 30), Swauk Creek (n = 9), Taneum Creek (n = 7) and
three other Yakima River tributaries (n = 3).
Steelhead redd counts are available for Satus, Toppenish, and
Ahtanum creeks and the Naches River from 1987–2007 (Table
16.36). Redd counts have been made in Satus Creek since 1980,
Toppenish Creek since 1989, Ahtanum Creek since 2000, and
the Naches River since 2004. Redd counts in the Satus Creek
averaged 174 from 1987–2007. Redd counts in Toppenish Creek
averaged 134 from 1987–2007. Redd counts in Ahtanum Creek
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Table 16.35

Yakima Basin steelhead counts at Prosser and Roza dams: 1940–2011. NA= Data not available. Counts are provided for total
and wild steelhead.
Prosser Dam
Year

Total

Wild

1940

N/A

1941

N/A

1942

Roza Dam

Prosser Dam

Roza Dam

Total

Wild

Year

Total

Wild

Total

Wild

N/A

7

0

1977

N/A

N/A

0

0

N/A

21

0

1978

N/A

N/A

0

0

N/A

N/A

6

0

1979

N/A

N/A

0

0

1943

N/A

N/A

49

0

1980

N/A

N/A

0

0

1944

N/A

N/A

10

0

1981

N/A

N/A

0

0

1945

N/A

N/A

0

0

1982

N/A

6

6

0

1946

N/A

N/A

9

0

1983

0

44

44

0

1947

N/A

N/A

1

0

1984

1,668

9

9

0

1948

N/A

N/A

1

0

1985

1,299

8

8

0

1949

N/A

N/A

23

0

1986

2,983

0

0

0

1950

N/A

N/A

3

0

1987

2,021

0

0

0

1951

N/A

N/A

6

0

1988

2,284

0

0

0

1952

N/A

N/A

21

0

1989

1,185

0

0

0

1953

N/A

N/A

34

0

1990

863

0

0

0

1954

N/A

N/A

96

0

1991

1,594

31

31

0

1955

N/A

N/A

18

0

1992

1,480

95

95

0

1956

N/A

N/A

78

0

1993

883

6

6

0

1957

N/A

N/A

27

0

1994

935

N/A

32

0

1958

N/A

N/A

12

0

1995

730

N/A

26

0

1959

N/A

N/A

4

0

1996

548

N/A

91

0

1960

N/A

N/A

0

0

1997

1,430

N/A

21

0

1961

N/A

N/A

17

0

1998

1,144

N/A

46

0

1962

N/A

N/A

3

0

1999

1,518

N/A

16

0

1963

N/A

N/A

11

0

2000

1,870

N/A

17

0

1964

N/A

N/A

1

0

2001

4,649

N/A

156

0

1965

N/A

N/A

3

0

2002

2,787

N/A

219

0

1966

N/A

N/A

1

0

2003

3,075

2,246

135

4

1967

N/A

N/A

0

0

2004

3,402

3,332

234

229

1968

N/A

N/A

0

0

2005

2,037

2,022

208

202

1969

N/A

N/A

0

0

2006

1,474

1,458

119

117

1970

N/A

N/A

0

0

2007

2,114

1,910

58

58

1971

N/A

N/A

0

0

2008

3,652

3,595

168

164

1972

N/A

N/A

0

0

2009

5,581

5,421

233

224

1973

N/A

N/A

0

0

2010

6,643

6,428

315

306

1974

N/A

N/A

0

0

2011

5,501

5,384

58

58

1975

N/A

N/A

0

0

Average

2,253

1,524

39

19

1976

N/A

N/A

0

0

10 yr. Average

3,627

3,533

175

136
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averaged 8 from 1999–2007. Redd counts in the Naches River averaged 74 from 2003–2007. Multiply the redd count number by
2.7 to estimate the escapement (number of adults that spawned)
(Freudenthal et al. 2005).
In the Yakima River Basin, Satus Creek is reserved as a genetic refuge for native steelhead and is not stocked with hatchery
fish. Elsewhere in the Yakima Basin, plants of Skamania, Methow,
Wells, and Lyons Ferry hatchery fish have been made.
Estimated sport and tribal harvest, escapement and total run
size of hatchery and wild summer steelhead entering the Yakima
River Basin are available from 1991–2004 (Scott and Gill 2006,
Table 16.37). During this 13 year interval, sport harvest averaged
(ranged) 19 (0–120) hatchery fish and 4 (0–26) wild fish. Tribal
harvest averaged (ranged) <1 (0–2) hatchery fish and 3 (0–13) wild
fish. Escapement averaged (ranged) 56 (0–145) hatchery fish and
1,680 (540–4,480) wild fish. Total run size equaled the sport harvest plus tribal harvest plus escapement and averaged (ranged)
74 (14–203) hatchery fish and 1,687 (449–4,491) wild fish. The
Yakima Basin is unusual because it produces more wild than
hatchery steelhead.
Distribution of resident rainbow in the Yakima Basin was described by Pearsons et al (1996, 1998, 1999, 2001a, 2001b, 2002,
2003a, 2003b, 2003c). They occur most frequently in the upper
Yakima between Roza (RKM 185) and Easton (RKM 326) dams.
They spawned in the Yakima mainstem and Umtanum and
Badger Creeks. In 2004, 357 redds were counted in the Yakima
mainstem between Roza and Easton dams (Pearsons et al. 1996).
Steelhead apparently do not make much use of the Columbia
River in the Hanford Reach. In 2002, only two redds were observed.
Aerial surveys conducted in March and April 2004 failed to detect
any steelhead or steelhead redds throughout the Hanford Reach
between RKM 560 to RKM 632. Surveys in 2005 documented the
presence of a few steelhead redds along the Benton County shoreline between RKM 560–568 (Mueller and Sackschewsky 2005).
Steelhead have been released from Ringold Springs Rearing
Facility since 1998. The steelhead reared at Ringold Springs originate from early egg takes at Wells hatchery. Adults returning to
Ringold Springs are considered to be a “reserve population” to be
used for Wells broodstock in case an insufficient number of steelhead return to Wells Dam. All Ringold steelhead are marked with
an adipose and right ventral fin clip to identify them. Any adults
returning in excess of the reserve number are used to provide recreational opportunities to sport anglers from October 1 through April
15 of the following year (Hoffarth 2006). The fishery is confined to
an area between RKM 528 and RKM 579 of the Columbia River.
Table 16.38 shows the numbers of smolts released, adults returning and estimates the smolt to adult survival for Ringold steelhead
from 1997–2004. The number of steelhead smolts released from
the Ringold Hatchery has averaged 161,857 between 1997 and 2004
(Hoffarth 2006). The number of adults returning has averaged
2,533 for 1- ocean fish and 692 for 2- ocean fish (Hoffarth 2006).
Smolt to adult survival has averaged 2.0% (calculated by dividing
the number of 1- ocean + the number of 2- ocean adults returning
by the number of smolts released).
WDFW conducts a creel survey to estimate angler pressure,
catch and harvest for the Ringold steelhead fishery. In a typical year
creel surveys are conducted on about 44% of the available days selected at random. Data collected on these randomly selected days
are then expanded to fill in data gaps for the missing days. Annual
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Table 16.36

Counts of steelhead redds in tributaries of the
Yakima River, 1987–2007.
Redd counts in

Year

Satus

Toppenish

Ahtanum

Naches

Total

1987/1988

445

N/A

N/A

N/A

445

1988/1989

404

45

N/A

N/A

449

1989/1990

289

26

N/A

N/A

315

1990/1991

125

N/A

N/A

N/A

125

1991/1992

N/A

N/A

N/A

N/A

N/A

1992/1993

*

73

N/A

N/A

N/A

73

1993/1994

114

N/A

N/A

N/A

114

1994/1995

85*

N/A

N/A

N/A

85

1995/1996

148

N/A

N/A

N/A

148

1996/1997

76

5

N/A

N/A

81

1997/1998

190

13*

N/A

N/A

203

1998/1999

130

78

N/A

N/A

208

1999/2000

169

185

11

N/A

365

2000/2001

102

355

8

N/A

465

2001/ 2002

240

111*

13*

N/A

364

2002/2003

172

354

8

N/A

526

2003/2004

93

*

56

12

94¹

202

2004/2005

108

99

16

140²

363

2005/2006

60

20

1

19

100

2006/2007

87

42

4

44

177

Average:

174

134

8

74

253

*

*
*

Partial survey.
¹ Includes 51 redds in Little Naches River, 1 in Little Naches (South
Fork), 1 in Little Naches (Middle Fork), 13 in Little Naches (North Fork),
1 in Bear Creek, 3 in Quartz Creek, 22 in Rattlesnake Creek, 4 in Little
Rattlesnake Creek, 16 in Bumping River, 4 in American River, 20 in Nile
Creek, 2 in Cowiche Creek, and 2 in Oak Creek.
²Includes 20 redds in Little Naches River, 3 in Bear Creek, 4 in Quartz
Creek, 2 in Bumping River, 33 in Nile Creek, 6 in Rattlesnake Creek, 1 in
Rattlesnake Creek (North Fork), 7 in Little Rattlesnake Creek and 18 in
Oak Creek.
*

angler effort, hours required to catch one steelhead, catch and harvest estimates for the 2001–2002 to 2005–2006 fishing seasons are
recorded in Table 16.39. In the 2005–2006 season, the total catch
(1,527 steelhead) was comprised of 1,241 adipose plus right ventral
fish, 202 adipose only clipped fish, and 84 nonmarked (presumably
wild) fish. In 2005–2006, the harvest (1,069 steelhead) was comprised of 934 adipose and right ventral fish, 134 adipose only fish
and no wild fish.
The mid-Columbia Region includes the Wenatchee Entiat,
Methow and Okanogan Rivers. Steelhead returning to these tributaries represent a genetic admixture because, from 1939–1943,
all steelhead ascending the Columbia River above Rock Island
Dam were trapped at the dam as part of the Grand Coulee Fish
Maintenance Project. This included steelhead bound for each of
the above named tributaries and also many steelhead bound for
the Sanpoil, Spokane, and Pend Oreille Rivers in northeastern
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3

0

5

0

50

12

0

0

0

0

0

19

1993/ 1994

1994/ 1995

1995/ 1996

1996/ 1997

1997/ 1998

1998/ 1999

1999/ 2000

2000/ 2001

2001/ 2002

2002/ 2003

2003/ 2004

Average

4

0

0

0

0

0

0

0

0

0

0

0

21

26

Wild

Sport Harvest

22

0

0

0

0

0

12

50

0

5

0

3

72

146

Total

0

0

0

0

0

0

0

0

0

2

0

0

0

0

Hatchery

3

0

0

11

8

0

0

0

0

13

0

0

0

2

Wild

Tribal Harvest

3

0

0

11

8

0

0

0

0

15

0

0

0

2

Total

56

16

45

34

57

40

40

115

145

49

87

11

0

83

Hatchery

1,680

2,739

2,190

4,480

3,024

1,571

1,018

948

961

436

838

540

1,089

2,010

Wild

Escapement

1,736

2,755

2,235

4,514

3,081

1,611

1,058

1,063

1,106

485

925

551

1,089

2,093

Total

74

16

45

34

57

40

52

165

145

56

87

14

51

203

Hatchery

1,687

2,739

2,190

4,491

3,032

1,571

1,018

948

961

449

838

540

1,110

2,038

Wild

Total Run Size

1,761

2,755

2,235

4,525

3,089

1,611

1,070

1,113

1,106

505

925

554

1,161

2,241

Total

200,000

181,000

181,000

210,000

164,546

171,645

106,147

80,520

161,857

1998

1999

2000

2001

2002

2003

2004

Average:

Smolts released

1997

Brood Year

2005

2004

2003

2002

2001

2000

1999

1998

Release Year

2006

2005

2004

2003

2002

2001

2000

1999

Return Year (1 ocean)

2,553

1,270

1,674

2,707

2,595

3,312

2,854

2,854

3,154

# Returned

2007

2006

2005

2004

2003

2002

2001

2000

Return year (2 ocean)

692

344

454

734

703

898

774

774

855

# returned

3,161

1,614

2,182

3,441

3,298

4,210

3,268

3,268

4,009

Total # returned

2.0

2.0

2.1

2.0

2.0

2.0

1.8

1.8

2.0

Smolt to adult survivors (%)

Estimated number of smolts released, adults returning as 1-ocean (1 year in salt water) or 2-ocean (2 years in salt water) and smolt to adult survival of Ringold Hatchery steelhead
trout(1997–2004). Data from Hoffarth (2006).

51

1992/ 1993

Table 16.38

120

Hatchery

Estimated sport and tribal harvest escapement and total run size of hatchery and wild adult steelhead entering the Yakima Basin, Benton, Yakima and Kittitas Counties, Washington
(1991–2004).

1991/ 1992

Year

Table 16.37

Subfamily Salmoninae
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Washington. Construction of Grand Coulee Dam blocked steelhead from the latter rivers commencing in 1939. An attempt was
made to reprogram the offspring of fish from those rivers to adopt
one of the mid-Columbia tributaries as their new home tributary.
Either the steelhead captured at Rock Island Dam or their eggs
were reared at Leavenworth National Fish Hatchery, then transferred into Wenatchee, Entiat and Methow Rivers; so steelhead
returning to each of these tributaries now contain an admixture
of genes from the Wenatchee, Entiat, Methow, Okanogan, Sanpoil,
Spokane, and Pend Oreille Rivers. Eventually, through natural
selection, it is hoped each tributary population will adapt to the
local conditions within that basin and diverge genetically so that
they will be demographically independent stocks again. Since
1939, there has undoubtedly been some genetic reshuffling going
on. Resident rainbow in each tributary still contained genes that
adapted them to that tributary. These fish likely contributed genetic material that helped to readapt steelhead to each tributary.
Assuming that steelhead containing these locally adapted genes
survived better than those containing a genetic admixture from
many tributary populations, there has likely been a gradual shifting of the gene pool in each tributary back to the original gene pool
of that tributary. Although there is substantial genetic similarity
between stocks of steelhead that occupy the Wenatchee, Entiat and
Okanogan River, there is also a sufficient amount of genetic distance between them to infer that something of this sort has been
going on (Mullan et al. 1992; Phelps et al. 1984; Chapman et al.
1994; Busby et al. 1996). Thus, although fish from all four tributaries are designated as a single stock (designated the upper Columbia
summer steelhead ESU) there is hope that they will eventually form
four discrete stocks, each genetically adapted to its own tributary.
Chelan, Douglas and Grant County Public Utility Districts
funded a stock status report for summer steelhead in the midColumbia region (Chapman et al. 1994a) that was summarized by
Lucas (1999). Findings included:
1.

From 1933–1959 most of the steelhead were wild.
Counts at Rock Island Dam averaged 2,600–3,700.

2.

By the 1960s, hatchery production increased. Counts
at Rock Island Dam rose to an average of 6,700.

3.

In the 1970s, counts at Rock Island Dam averaged
5,400.

4.

In the 1980s, counts Rock Island Dam averaged
16,500. During this period the counts of wild steelhead declined and hatchery fish increased.

5.

In the 1990s, counts averaged 7,104 of which 1,794
were wild fish (in 1999). (From 2000–2006, counts
averaged 16,178, of which 9,602 were wild fish.)

6.

Egg to smolt survival averaged (ranged) 1%
(0.4–1.7%). Smolt to adult survival averaged 2–3%.
Interdam losses of adult steelhead were about 4% at
each dam they passed.

7.

Residualism of hatchery smolts was estimated at
17%. Residuals are smolts that become readapted to
freshwater and loose their urge to migrate. They re-
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Table 16.39

Annual angler effort, hours to catch one steelhead,
catch and harvest in the Ringold steelhead fishery,
2001–2006. Angler harvest estimates based on angler punch card are also shown. Data from Hoffarth
(2006).

Year

Angler
effort
(hours)

Hours
per fish

Punch card
harvest
estimate

Catch

Harvest

2001–2002

16,648

8.6

1,931

1,764

2002–2003

21,633

10.6

2,036

1,333

1,359

2003–2004

45,070

10.5

4,267

2,698

2,857

2004–2005

41,359

17.5

2,347

1,825

2,440

2005–2006

16,648

23.2

1,527

1,069

Average:

28,272

14

2,422

1,738

2,219

main in the lower and middle Columbia reservoirs as
freshwater interior (redband) rainbow trout instead
of migrating all the way to the ocean. They probably
return to their home tributary to spawn along with
the anadromous redband steelhead.
8.

Spawner/ recruit analysis indicated that replacement ratios were consistently below 0.5:1 recruits per
spawner (Brown 1995). In brood years 1982–1990, the
recruit/spawner ratio for mid-Columbia steelhead
upstream of Priest Rapids Dam averaged 0.33–1
(Brown 1995). On October 11, 1997, the National
Marine Fisheries Service listed all steelhead upstream
of the mouth of the Yakima River as endangered under provisions of the Endangered Species Act of 1972.

Spawning ground surveys have historically not been conducted in the mid-Columbia tributaries because adults spawn in
the spring, which coincides with periods of maximum discharge
and high turbidity. These conditions reduce visibility in years
with average or above average snow pack. However, since 2001
WDFW has conducted surveys annually in the Wenatchee and
Methow Rivers.
Steelhead spawning ground surveys in the Wenatchee River
Basin were first initiated in 2001 (Table 16.40). Surveys were conducted by foot or raft in five index areas of the Wenatchee River
and most major tributaries: Chiwawa River, Nason Creek, White
River, Little Wenatchee River, Icicle Creek, and Peshastin Creek
(Tonseth 2006). Steelhead redd counts in the Wenatchee Basin
numbered 187 in 2001, 505 in 2002, 469 in 2003, 397 in 2004 and
1,138 in 2005, 740 in 2006, 1,284 in 2007, 1,931 in 2008, 2,173 in
2009, 1,549 in 2010 and 1,299 in 2011 (Tonseth 2006; Columbia
River DART 2012). The number of steelhead counted passing
above Tumwater Dam on the Wenatchee River was 817 in 2001,
1,773 in 2002, 1,414 in 2003, 1,873 in 2004 and 2,498 in 2005
(Tonseth 2006).
Estimated sport and tribal harvest, escapement and total
run size of hatchery and wild summer steelhead entering the
Wenatchee River basin are available for 1986–2003 (Table 16.41)
(Scott and Gill 2006). During this 18 year interval, sport harvest averaged (ranged) 224 (0–814) hatchery fish and 10 (0–49)
wild fish. No tribal harvest was reported. Escapement averaged
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Table 16.40

Steelhead redd counts in the Wenatchee River Basin, 2000–2010 (Data from Tonseth 2006). - = not checked.

Location

2001

2002

2003

2004

2005

2006

2007

2008

2009

2010

Wenatchee River

116

315

248

151

459

191

46

1000

327

377

Chiwawa River

25

80

64

62

162

8

3

9

68

40

Icicle Creek

19

27

16

23

8

41

6

37

102

120

Little Wenatchee River

-

1

5

0

0

-

0

-

0

4

Nason Creek

27

80

121

127

412

74

78

87

126

269

Peshastin Creek

-

-

15

34

97

67

17

48

18

51

Total:

187

503

469

397

1,138

381

150

1,181

641

861

(ranged) 1,629 (76–4,461) hatchery fish and 1,301 (351–4,356) wild
fish. Total run size equaled sport harvest and tribal harvest and
escapement and averaged (ranged) 1,853 (88–5,275) hatchery fish
and 1,310 (360–4,359) wild fish.
Juvenile steelhead and rainbow abundance in the Chiwawa
River, tributary of the Wenatchee River, has been monitored
since 1992 by making snorkel counts (Hillman and Miller 1996,
1997, 1998, 1999, 2000, 2002a, 2002b, 2004a, 2004b, 2005). Age
0+ (<100 mm), age 1 (100–200 mm) and age 2 (>200 mm) fish
were counted over 59.2 km of the Chiwawa River and in seven
of its tributaries: Adler Creek, Big Meadow Creek, Brush Creek,
Chickamin Creek, Peven Creek, Phelps Creek and Rock Creek.
Age 0 and age 1 steelhead were found throughout the Chiwawa
River and its tributary system. They were found in pocket water behind boulders in riffles and in pools associated with large
woody debris. No or few age 2 rainbows were found in tributaries. They occurred predominantly in pools in the lower reaches
of the Chiwawa River. Total counts of age 0, age 1 and age 2 steelhead/ rainbow from 1992–2005 found in the Chiwawa River and
its tributaries are presented in Table 16.42. The average number
of fish recorded was 9,808 (age 0), 8,395 (age 1), and 291 (age 2).
Steelhead spawning habitat capacity that the Wenatchee
River drainage could support was estimated at 2,275–3,307 wild
adults (Moller et al. 1992; Ford et al. 2001). Smolt capacity that
the Wenatchee River drainage could support was estimated at
49,146 to 114,372 wild steelhead smolts. Assuming a 3.0% smolt
to adult survival, this number of smolts would produce about
1,474–3,431 adults (Mullen 1992, Chapman et al. 1994; Ford et al.
2001). Murdoch and Viola (2003) found 475 redds upstream of
Tumwater Dam in 2002. Since 1,773 adult fish were counted passing Tumwater in 2002 this would mean that an average of 3.7 fish
produced a redd.
Estimated sport harvest and tribal harvest, escapement and
total run size of hatchery and wild summer steelhead entering the
Entiat River basin are available for 1986–2003 (Table 16.43)(Scott
and Gill 2006). During this 18 year interval, sport harvest averaged (ranged) 41 (0–101) hatchery fish and 1 (0–17) wild fish. No
tribal harvest was reported. Escapement averaged (ranged) 1,518
(148–3,815) hatchery fish and 151 (12–699) wild fish. Total run size
equaled sport harvest plus escapement and averaged (ranged)
1,558 (148–3,819) for hatchery fish and 152 (12–699) for wild fish.
Smolt capacity that the Entiat River drainage could support was
estimated 9,003–23,895 wild steelhead smolts. Assuming a 3.0%

smolt to adult survival, this number of smolts would produce
270–717 adults (Mullen 1992, Chapman et al. 1994; Ford et al. 2001).
The Wells hatchery summer steelhead stock was developed in
the early 1960s from naturally spawning populations intercepted
at fish ladders at or upstream of Priest Rapids Dam. Progeny from
Wells Hatchery stock have been distributed in tributaries of the
Columbia River between the Big White Salmon and Okanogan
Rivers, and occasionally in the Snake River at Lyons Ferry
Hatchery and Grande Ronde River (Howell et al. 1985). About 1
million smolts are released annually from Wells hatchery.
The total number of steelhead counted at Wells Dam between
1998 and 2007 averaged (ranged) 8,112 (2,668–18,483). The number
identified as wild steelhead (ranged from) 3,693–8,381. In general,
all or most of the wild fish were released above Wells Dam to spawn
in the Methow or Okanogan Rivers. Most of the hatchery fish were
spawned at Wells State Fish Hatchery but some hatchery fish were
also released above the dam to supplement the wild populations.
This was done to provide opportunities for anglers to harvest some
of the hatchery fish in the Methow and Okanogan rivers. Since
1987, anglers have been allowed to harvest only hatchery fish (identified by adipose fin clips) and must return wild steelhead (those
with no fin clips) back into the Methow alive. Thus, focusing harvest on hatchery steelhead affords protection for wild fish, thereby
allowing the wild population to gradually rebuild itself. Since the
ancestors of both the Wells hatchery and the wild steelhead currently spawning in the Methow were originally derived from the
Grand Coulee Fish Maintenance Project (GCFMP), they are probably genetically similar.
Three primary factors have affected steelhead in the Methow
River. First, an impassable dam existed from 1915–1930 near the
mouth of the Methow River near Pateros, Washington. Although
some anadromous fishes (e.g. Chinook salmon) may have been
passed over the dam it is uncertain if steelhead did. Therefore,
this dam created a genetic “bottleneck” for steelhead for 15 years.
Second, too much sport harvest occurred on wild steelhead above
Wells Dam in the Methow and Okanogan Rivers from 1970–1986.
Harvest to escapement of wild fish was estimated at 70% in 1976,
68% in 1977, 74% in 1978, 75% in 1979, 76% in 1980, 60% in 1981, 65%
in 1982, 52% in 1983, 55% in 1984, 56% in 1985, and 50% in 1986 (Ford
et al. 2001). Commencing in 1987, WDFW restricted harvest to only
hatchery fish bearing an adipose fin clip. Wild unclipped fish had
to be released back into the river alive. Since 1987, the sport harvest
of wild steelhead above Wells Dam has been negligible. Third, ir-
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Table 16.41

Sport harvest, escapement and total run size of hatchery and wild steelhead into the Wenatchee River 1986–2003. (Data
from Scott and Gill 2006).

Year

Sport Harvest

Escapement

Total run size

Hatchery

Wild

H+W

Hatchery

Wild

H+W

Hatchery

Wild

H+W

1986

814

49

863

4,461

1,464

5,925

5,275

1,513

6,788

1987

198

9

207

2,562

2,510

5,072

2,760

2,519

5,279

1988

169

0

169

1,573

1,663

3,236

1,742

1,663

3,405

1989

203

0

203

1,192

1,556

2,748

1,395

1,556

2,951

1990

95

0

95

725

953

1,678

820

953

1,773

1991

356

8

364

939

1,612

2,551

1,295

1,620

2,915

1992

384

19

403

3,103

1,050

4,153

3,487

1,069

4,556

1993

175

9

184

1,007

510

1,517

1,182

519

1,701

1994

349

18

367

2,352

454

2,806

2,701

472

3,173

1995

473

28

501

1,612

709

2,321

2,085

737

2,822

1996

521

9

530

1,164

351

1,515

1,685

360

2,045

1997

85

0

85

467

495

962

552

495

1,047

1998

12

4

16

76

488

564

88

492

580

1999

80

5

85

1,031

515

1,546

1,111

520

1,631

2000

0

0

0

763

1,480

2,243

763

1,480

2,243

2001

79

3

82

2,219

4,356

6,575

2,298

4,359

6,657

2002

23

12

35

1,404

2,021

3,425

1,427

2,033

3,460

2003

7

4

11

2,673

1,224

3,897

2,680

1,228

3,908

224

10

233

1,629

1,301

2,930

1,853

1,310

3,163

Average:

Table 16.42

Snorkel counts of age 0, age 1, and age 2 steelhead/rainbow trout in the Chiwawa River. Tributary of the Wenatchee River,
Chelan County Washington. (unk = unknown).
# of steelhead/rainbow trout (±SD)
Year

Age 0 (<100 mm)

Age 1 (100–200
mm)

Age 2 (> 200 mm)

1992¹

4,927 (±513)

2,533 (±344)

1,869 (±319)

1993¹

3,974 (±403)

2,860 (±239)

768 (±235)

1994¹

1,140 (±221)

563 (±115)

67 (±19)

1995¹

> 357 (±621)

9,517 (±1,320)

140 (±101)

1996²

4,245 (±449)

11,849 (±954)

78 (±10)

1997³

6,959 (unk)

8,823 (unk)

48 (unk)

1998⁴

3,921 (±353)

10,587 (±1,779)

78 (±18)

1999⁵

5,838 (±537)

22,128 (±2,574)

33 (±14)

2001⁶

35,759 (±4,939)

10,633 (±1,731)

420 (±100)

2002⁷

20,521 (±2,237)

9,092 (±1,263)

181 (± 54)

2003⁸

18,020 (±3,459)

6,179 (±685)

49 (±17)

2004⁹

10,380 (±1,464)

8,190 (±1,286)

8 (±5)

2005¹⁰

11,463 (±1,066)

6,188 (±1,040)

48 (±13)

9,808

8,395

291

Average:

References: ¹Hillman & Miller (1996); ²Hillman & Miller (1997); ³Hillman & Miller (1998); ⁴Hillman & Miller (1999); ⁵Hillman & Miller (2000); ⁶Hillman &
Miller (2002a); ⁷Hillman & Miller (2002b); ⁸Hillman & Miller (2004a); ⁹Hillman & Miller (2004b); ¹⁰Hillman & Miller (2005).
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Table 16.43

Sport harvest, escapement and total run size of hatchery and wild summer steelhead trout into the Entiat River, 1986–2003.

Year

Sport Harvest

Escapement

Total run size

Hatchery

Wild

H+W

Hatchery

Wild

H+W

Hatchery

Wild

H+W

101

17

118

1,803

71

1,874

1,904

88

1,992

1987

44

0

44

1,701

343

2,044

1,745

343

2,088

1988

114

0

114

1,008

150

1,158

1,122

150

1,272

1989

24

0

24

1,280

183

1,463

1,304

183

1,487

1990

19

0

19

1,079

106

1,185

1,098

106

1,204

1991

0

0

0

148

12

160

148

12

160

1992

48

2

50

282

15

297

330

17

347

1993

34

0

34

309

27

336

343

27

370

1994

3

0

3

587

60

647

590

60

650

1995

3

0

3

697

97

794

700

97

797

1996

306

0

306

1,549

104

1,653

1,855

104

1,959

1997

0

0

0

2,577

72

2,649

2,577

72

2,649

1998

0

0

0

1,618

118

1,736

1,618

118

1,736

1999

22

0

22

1,116

142

1,258

1,138

142

1,280

2000

0

0

0

1,827

165

1,992

1,827

165

1,992

2001

9

0

9

3,699

182

3,881

3,708

182

3,890

2002

0

0

0

2,222

173

2,395

2,222

173

2,395

1986

2003

4

0

4

3,815

699

4,515

3,819

699

4,519

Average:

41

1

42

1,518

151

1,669

1,558

152

1,710

rigation withdrawals affect flows, sometimes causing redds to be
dewatered (Mullen et al. 1992).
Steelhead spawning habitat capacity that the Methow River
Drainage could support was estimated at 2,212–3,213 wild adults
(Mullan 1992; Ford et al. 2001). Smolt capacity that the Methow
River drainage could support was estimated at 47,769–137,781 wild
steelhead smolts. Assuming a 3.0% smolt to adult survival, this
number of smolts would produce 1,433 to 4,133 adults (Mullan 1992,
Chapman et al. 1994; Ford et al. 2001).
Mullan et al. (1982) developed a stock-recruitment curve for
the Methow River Basin and showed that the maximum sustained
yield was 7,234 fish and escapement necessary to produce this
number to be 2,212 adults. In the Methow Basin, the wild steelhead
population barely supported itself and was being supplemented by
production of hatchery fish (Mullan et al. 1992).
Spawning ground surveys in the Methow River Basin were
made by Snow and Jateff (2001), Jateff and Snow (2002), Snow
(2003b), and Humling and Snow (2004). In 2002, Jateff and Snow
(2003) estimated 473 steelhead redds in the Methow Basin, most of
them in the mainstem.
Estimated sport harvest and tribal harvest, escapement and total run size of hatchery and wild summer steelhead entering the
Methow River Basin are available for 1986–1989, 1991–1992, and
2004 (Table 16.44) (Scott and Gill 2006). During these 7 years,
sport harvest averaged (ranged) 1,176 (515–2183) hatchery fish
and 126 (0–708) wild fish. Tribal harvest averaged (ranged) 185
(0–617) hatchery fish and 17 (0–30) wild fish. Escapement averaged (ranged) 3,036 (1,471–4,831) hatchery fish and 507 (169–746)
wild fish. Total run size equaled the sport harvest plus tribal har-

vest plus escapement and averaged (ranged) 4,349 (2,569–7,631) for
hatchery fish and 670 (447–901) for wild fish.
Estimated sport harvest and tribal harvest, escapement and
total run size of hatchery and wild summer stocks entering the
Okanogan Basin are available from 1986–1998, 1991–1992 and 2004
(Table 16.45) (Scott and Gill 2006). During these years, sport harvest averaged (ranged) 620 (231–1,019) hatchery fish and 64 (0–337)
wild fish. Tribal harvest averaged (ranged) 49 (0–141) hatchery fish
and 1 (0–1) wild fish. Escapement averaged 1,062 (107–3,301) hatchery fish and 64 (1–199) wild fish. Total run size equaled the sport
harvest plus tribal harvest plus escapement and averaged (ranged)
1,614 (363–3,804) for hatchery fish and 150 ( 24–339) for wild fish.
Steelhead spawning surveys were first initiated throughout
the Okanogan Basin in 2005 and continued in 2006 and 2007
(Arterburn et al. 2005; Arterburn and Kisler 2006; Arterburn
2007). Prior to this partial surveys had been conducted in Omak
Creek since 2001 (Fisher and Arterburn 2003; Arterburn and
Fisher 2003, 2004, 2005) and Salmon Creek (Fisher and Arterburn
2005). In 2005, 2006, and 2007 the entire length of the Okanogan
River from Chilliwist (RKM 24.4) to Zosel Dam (RKM 127.0) was
surveyed for redds by foot and raft. Redds were counted and
spawning escapement into the Okanogan was estimated. Below
Chilliwist, the river was subject to inundation by Wells Reservoir
and lacked steelhead spawning habitat. In 2005, 2006 and 2007 a
14.6 km section of the Similkameen River between its confluence
with the Okanogan River and Enloe Dam was surveyed. Steelhead
cannot ascend above Enloe Dam because it lacks a fish ladder.
Redds were also counted in the following Okanogan tributaries in
2005, 2006, and 2007: Loop Loop Creek (RKM 1–3.30), Turk Creek
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968

958

1,379

1,270

515

1,176

1988

1989

1991

1992

2004

Average:

1,019

231

259

936

772

503

620

1987

1988

1991

1992

2004

Average:

Hatchery

1986

Year

126

14

134

15

0

0

14

708

Wild

1,303

529

1,404

1,394

958

968

974

2,891

H+W

185

0

232

109

34

130

174

617

Hatchery

17

0

19

18

7

19

30

24

Wild

Tribal Harvest

202

0

251

127

41

149

204

641

H+W

3,036

4,735

-

-

1,704

1,471

2,437

4,831

Hatchery

507

746

-

-

563

428

627

169

Wild

Escapement

3,248

5,481

3,341

1,681

2,267

1,899

3,064

5,000

H+W

4,349

5,280

-

-

2,696

2,569

3,571

7,631

Hatchery

670

760

-

-

570

447

671

901

Wild

Total run size
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64

3

37

4

0

2

337

Wild

Sport Harvest

684

506

809

940

259

233

1,356

H+W

49

0

-

-

30

25

141

Hatchery

1

0

-

-

1

1

1

Wild

Tribal Harvest

56

0

95

43

31

26

142

H+W

286

199

-

-

536

107

303

Hatchery

64

199

-

-

23

33

1

Wild

Escapement

921

3,500

564

460

559

140

304

H+W

1,614

3,804

-

-

825

363

1,463

Hatchery

150

202

-

-

24

36

339

Wild

Total run size

Sport harvest, tribal harvest, escapement and total run size of hatchery and wild summer-run steelhead into the Okanogan River Basin 1986–1992 and 2004.

960

Table 16.45

2,183

1987

Hatchery

Sport Harvest

Sport harvest, tribal harvest, escapement and total run size of hatchery and wild summer-run steelhead into the Methow River Basin, 1986–1992 and 2004.

1986

Year

Table 16.44

1,661

4,006

1,468

1,443

849

399

1,802

H+W

4,752

6,010

4,996

3,202

3,266

3,016

4,242

8,532

H+W
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(RKM 0–0.2), Bonaparte Creek (RKM 0–1.6), Ninemile Creek
(RKM 0–1.7), Omak Creek (RKM 0–2.0 and RKM 5.3–9.0 below
Mission Falls, and at RKM 10.8–11.8, 21.5–22.5, 26.8–27.8, and 29.4–
30.4 above Mission Falls), Tonasket Creek (RKM 0–3.5 km below
Tonasket Falls), Antoine Creek (RKM 0–1.3), Wild Horse Springs
Creek (RKM 0–1.1) and Whistler Cache Creek (RKM 0–0.7). In
2006 and 2007, redds were also counted and escapement estimated
in the Okanogan mainstem and tributaries in British Columbia. In
2005, a total of 632 redds were counted, 470 in the mainstem and
164 in tributaries. Escapement was estimated at 1,294 total steelhead. The run was composed of 164 wild fish and 1,151 hatchery
fish. In 2006, a total of 389 redds were counted, 306 in the mainstem, 52 in the tributaries. Escapement was estimated at 855 total
steelhead. This run was composed of 139 wild fish and 716 hatchery
fish. Fewer redds were counted in 2006 than 2005 because many
streams were dewatered during the spawning season owing to
drought conditions. In 2007, a total of 469 redds were counted.
Estimated escapement was 1,266 total steelhead. Of these 152 were
of wild origin and 1,114 were hatchery origin. Of these totals, 121
steelhead constructed 70 redds in Canada, which included 29 fish
of wild origin and 92 of hatchery origin (Long et al. 2007).
Prior to 2005, redd surveys were conducted in Omak Creek
from 2002 to 2004 (Arterburn and Fisher 2003 in Fisher and
Arterburn 2004; Arterburn and Fisher 2004; and Fisher 2005) The
number of redds counted was 39 in 2002, 21 in 2003 and 14 in 2004.
Time lapse and motion detection underwater video cameras
have also been deployed at Zosel Dam and Bonaparte Creek to
count steelhead (Johnson et al. 2007). A total of 298 adult steelhead
were counted at Zosel Dam in 2005/ 2006, of which 232 migrated
to Canada. Steelhead passed Zosel Dam between 25 October 2005,
to 30 May 2006; 87% of these between 23 March 2006 through 6
May 2006. In 2007, adults (n = 127) were counted at Zosel Dam, of
which 113 migrated to Canada. A total of 6 steelhead were observed
in Bonaparte Creek.
WDFW has monitored steelhead spawning escapmement into
the Okanogan Basin since 2005. Escapement was estimated at 2,233
(in 2005), 1,602 (in 2006), 1,921 (in 2007), 1,755 (in 2008), 2,211 (in
2009), 3,920 (in 2010), and 2,497 (in 2011). CCT has conducted
steelhead spawner surveys in the Okanogan Basin during the same
interval, spawning escapement was estimated at 1,315 (in 2005), 855
(in 2006), 1,266 (in 2007), 1,386 (in 2008), 2,133 (in 2009), 3,496 (in
2010), and 1,674 (in 2011) (Miller et al. 2011).
Rainbow trout spawn in the free flowing segment of the
Columbia River between the international border and Hugh L.
Keenleyside Dam, and in the Kootenay River below Brilliant
Dam (R.L.L. Environmental Services 1994, 1997, 1998). Redds
were counted by conducting boat surveys and by making helicopter flights in 1997 and 1998. A total of 292 redds were counted in
the Columbia River in 1997 and 357 redds were counted in 1998.
All these redds were counted in a 30 km segment below Hugh
Keenleyside Dam, many of them adjacent to the confluence of
Norns Creek. A total of 50 redds were counted in the Kootenay
River in 1998. Rainbow redds in the Columbia River contained
an average (range) of 578 (172–1,400) eggs (R.L.L. Environmental
Services, Ltd. 1998).
The redband rainbow trout population (±95% CI) in a free flowing segment of the Spokane River (between RKM 112.7 and 117.9) in
2010 was estimated at 1,337 (1,124-1,646) in individuals ≥250mmTL
(McLellan and Lee 2011).

The redband rainbow trout in the upper Spokane River (Spokane
RKM 127-163) was estimated at about 4,000 individuals ≥200mmTL
in 1990 (WDFW, IDFG, WWP 1991). This population (±95% CI)
was estimated at 1,149 (859-1,600) in 2007 (O'Connor and McLellan
2008), 1,314 (1,137-1,545) in 2008 (O'Connor and McLellan 2009), and
1,464 (1,001-2,465) in 2009 (McLellan and King 2011). A mark recapture population estimate of rainbow trout was made in a 24.6
km segment of the upper Spokane River, Washington and Idaho
between Myrtle Point/Plante’s Ferry Park, Washington (RKM 136.3)
and Corbin Park, Idaho (RKM 160.9) in the fall of 1980 (Bailey
and Saltes 1982). The population (±95% CI) was estimated at 8,268
(5,780–10,576). Density was 336 rainbow trout/km.
A mark recapture population estimate of rainbow trout age 1
and older (>130 mm TL) was made in a 9.4 km segment of the upper Spokane River, Idaho, between the Washington/ Idaho State
line (RKM 154.6) and Post Falls Dam (RKM 164.2) in the fall 1985
(Underwood and Bennett 1992). The population (±95% ci) was
estimated at 19,029 (15,786–22,271) and density was 2,024 fish/km.
In 1990, the Washington Department of Fish and Wildlife
(WDFW), Idaho Department of Fish and Game (IDFG) and
Washington Water Power Company (now Avista Corporation)
conducted a mark-recapture abundance estimate of rainbow trout
in the upper Spokane River. They estimated 4,000 rainbow trout
>200 mm TL between Upriver Dam (RKM 127.7) and Post Falls
Dam (RKM 162.7). Density was 114 rainbow trout per km.
WDFW conducted a drift boat electrofishing survey on the upper Spokane River between the Harvard Road Bridge (RKM 148.3)
or the Washington/ Idaho State Line (RKM 154.6) in April/May 2003
(McLellan 2003b). Thirty-nine rainbow trout, 268–463 mm TL,
were among 222 total fish captured.
From 1995–2003, annual rainbow redd surveys were conducted in the Upper Spokane River (Johnson 1997; Avista 2000;
Parametrix 2004). The number of redds observed in each year is
recorded in Table 16.46 The redd count for years in which relatively complete redd counts were made (1995, 1996, 2003) averaged
(ranged) 197 (158–242).
In 2007, WDFW estimated the abundance of rainbow trout in
the upper Spokane River between Plante’s Ferry Park (RKM 136.2)
and the Washington/ Idaho state line (RKM 155.1) (O’Connor and
McLellan 2008a). The estimated population (±95% CI) was 1,149
(859–1,600) >200 mm TL. Density was 61 rainbow trout/km. This
estimate was much lower than previous estimates made in this section of the Spokane River. Also, only large fish >220 mm TL were
caught. The mean (range) in length and weight of the rainbow
(n = 328) sampled was 393 (127–526) mm TL and 582 (24–1,179) g
weight. Only 1 small rainbow (127 mm TL) was captured. The next
smallest rainbow captured was 220 mm TL. Most fish were over
300 mm TL. This result suggests almost total recruitment failure of
the three most recent year classes.
The decreased abundance in 2007 was probably caused by a
combination of factors. Underwood and Bennett (1992) suggested
that variability in year class strength of rainbow trout in the upper Spokane River was correlated with annual fluctuations in the
spring hydrograph. A strong year class was produced in 1984 when
flows were relatively high and remained stable between the peak
spawning period and peak fry emergence. In 1985 and 1986 much
weaker year classes were produced when flows were high during
the spawning period then fell rapidly before peak emergence. This
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Table 16.46

Rainbow trout redd counts in the upper Spokane River, 1995–2003. N/A = Not Available.
Location

RKM

1995

1996

1997

1998

1999

2000

2001

2002

2003

Total

Centennial Trail Bridge

134.4

18

0

N/A

N/A

N/A

N/A

N/A

N/A

13

31

Plantes Ferry Park

135.7

8

0

N/A

N/A

N/A

N/A

N/A

N/A

0

8

Sullivan Road (Right Bank)

139.4

N/A

3

N/A

N/A

N/A

N/A

N/A

N/A

5

8

Sullivan Road (Left bank)

139.5

N/A

2

N/A

N/A

N/A

N/A

N/A

N/A

2

4

Barker Road

145.4

N/A

1

N/A

N/A

N/A

N/A

N/A

N/A

0

1

Harvard Road (Rwer Bent)

147.4

19

6

0

30

23

28

14

17

51

188

Harvard Road *

148.2

32

12

0

30

N/A

N/A

N/A

N/A

76

150

Starr Road Shoreline

151.7

6

2

40

20

58

56

27

26

12

247

Starr Road Barr *

151.7

102

89

N/A

20

70

47

34

32

31

425

Island Complex*

152.2

8

42

N/A

N/A

N/A

N/A

N/A

N/A

44

94

Corbin Park

159.7

0

0

N/A

N/A

N/A

N/A

N/A

N/A

3

3

McGuine Road

161.1

7

1

N/A

N/A

N/A

N/A

N/A

N/A

5

13

200

158

40

100

151

131

75

75

242

1172

Total

caused dewatering of redds and stranded fry, resulting in poor year
classes in 1985 and 1986.
In 4 of the 5 years leading up to the WDFW study in 2007, flow
conditions in the spring were characterized by a rapidly declining hydrograph before peak emergence (O’Connor and McLellan
2008a). Therefore, it appears likely that a high percentage of redds
were dewatered, resulting in poor recruitment. The one exception
occurred in 2006 when flows remained stable through peak emergence. This should have produced a strong year class. Yet the 2006
year class appeared to be missing in 2007.
Predation on juvenile rainbow trout by smallmouth bass is a
second factor that could potentially account for the reduced abundance of rainbow trout in 2007 (O’Connor and McLellan 2008a).
Tabor et al. (1993) and Pearsons et al. (2004) have documented that
smallmouth bass prey on juvenile salmonids. Smallmouth were
not present in the upper Spokane River when the rainbow trout
population estimates were made in the 1980s. They were introduced into Coeur d’Alene system of Idaho in about 1992 and have
gradually expanded their range. They are now abundant in the upper Spokane River.
Over harvest of rainbow may be a third factor that could be
negatively affecting this fishery. A creel survey was conducted on
the upper Spokane River during the 1980 and 1981 fishing seasons
(Bailey and Saltes 1982). Data collected during the survey were expanded to account for days when no creel surveys were made. In
1981, anglers fished 28,733 hours to catch 3,276 rainbow trout, 439
brook trout and 57 cutthroat trout or cutthroat-rainbow hybrids. In
1982, anglers fished 28,988 hours to catch 2,474 rainbow trout, 389
brook trout, and 30 cutthroat trout or cutthroat-rainbow hybrids.
A creel survey was conducted on the upper Spokane River between Upriver Dam (RKM 129) to Post Falls Dam (RKM 164) and
from April 28 to September 7, 1990, anglers fished a total of 9,037
(±1,051) hours to catch 2,736 (±600) and harvest 578 (±240) rainbow trout, 36 (±84) brown trout, 28 (±36) cutthroat trout, and 72
(±86) Chinook salmon (Davis and Horner 1997).
Another creel survey was conducted on the upper Spokane
River during the 1992 fishing season (26 April–31 October 1992)
between Upriver Dam (RKM 129) and Sullivan Road (RKM 137).
1240

Data collected during this survey were not expanded and represent
only the anglers actually surveyed by creel clerks. Anglers fished
2,054 hours to catch 383 rainbow trout and 276 mountain whitefish
(Smith et al. 1993).
These high rates of catch and harvest may have contributed to
the demise of rainbow trout in the Upper Spokane River. In 1998,
WDFW enacted measures to protect this fishery. WDFW closed the
fishery during the spawning period from March 1 to June 1. The
remainder of the year it is open to catch and release fishing with
flies or artificial lures only. Poaching or, non-compliance with regulations, (e.g. fishing with bait) still occurs this in section of the
Spokane River but has not been quantified.
Finally, this section of the Spokane River is heavily polluted
with sediments containing heavy metals (cadmium, lead and zinc).
High levels of these metals in redds may compromise survival of
eggs or alevins. However, studies by Washington State University
showed that these rainbows have become adapted to the pollutants. In tests, where wild rainbow trout from the upper Spokane
River were paired with hatchery rainbow trout from the Spokane
Hatchery, and then subjected to levels of lead, cadmium an zinc,
found in the upper Spokane river, the fish from the upper Spokane
survived the experience, whereas the hatchery fish did not (Funk
et al. 1975). Thus, is appears that metal pollution is the least likely
alternative responsible for the decline.
In their genetic survey of the rainbow trout populations in
the Spokane Basin, Small et al. (2007) found that the population
of rainbow trout found between Upriver and Post Falls dams appeared to represent indigenous redband rather than hatchery
coastal rainbow trout. This result was somewhat surprising since
WDFW had stocked numerous coastal rainbow trout into the reach
on a number of occasions. Nevertheless, Small et al.’s (2007) study
indicated that there had been almost no genetic introgression of
hatchery rainbow into the indigenous redband population.
The following tributaries of the Lower Spokane River, in Stevens
County (Spokane Indian Reservation), have been surveyed for the
presence of rainbow trout:
1.

Ente Creek (1 site sampled): No rainbow present
(Butler and Crossley 2003).
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2.

Orzada Creek (1 site sampled): 3 rainbow, 111–
200 mm TL, present among 24 total fish (Butler and
Crossley 2003).

3.

Sand Creek (17 sites sampled): 1 rainbow present
among 349 total fish. All the remaining fish were
brook trout, <65–305 mm TL (Peone 1985; Crossley
2001).

4.

Blue Creek (9 sites sampled, some on multiple occasions): 4,062 (94%) rainbow trout, 47–570 mm TL,
present among 4,319 total fish (Scholz et al. 1986,
1988; Peone 1994, 1995; LaCaire and Peone 1992;
Crossley 2001). The presence of large rainbow trout
in the spring, but not in the summer or fall indicated the presence of adfluvial life history variant,
as well as the resident life history variant, present in
Blue Creek. An adfluvial rainbow trout population
(±95 CI) occupying the lower 7 km of Blue Creek,
was estimated at 1,972 (±168) individuals in May of
1987 (Scholz et al. 1988b). The density was about 282
individuals per linear km of stream. This population
was composed of 1,455 (±125) age 0+ fish, 437 (±37)
age 1+, 60 (±5) age 2+ and 20 (±1) age 3+ fish. This
population was maintained by natural reproduction.
The average lengths were 90 mm TL for age 0 +,
185 mm TL for age 1+ fish, 350 mm TL for age 2+ fish
and 462 mm TL for age 3+. Most of the age 2+ and
age 3+ fish appeared to have recently migrated into
Blue Creek from Lake Roosevelt, because they were
not present in electrofishing surveys conducted in
March 1987.

also occurred in Tamarack Creek, a tributary that
enters Spring Creek above the falls.

The following tributaries of the Lower Spokane River, Lincoln
County, have been surveyed for the presence of rainbow trout:
1.

Mill Canyon Creek harbors a naturally reproducing
population of rainbow trout. Of 56 fish sampled during
electrofishing surveys, 42 were rainbow trout, ranging
from 89–540 mm TL (Scholz 1999; Scholz et al. 2003).
The presence of larger trout in the lower segment of
Mill Creek in the spring, and their absence from the
same segment in the fall, indicates that an adfluvial life
history variant has developed that migrates to Lake
Roosevelt and returns to spawn in Mill Creek.

2.

Spring Creek is a small stream with an average width
of <2 m, that is a tributary of the Spokane River Arm
of Lake Roosevelt. In the spring 1987, the population (±95 % CI) of rainbow trout occupying a 3 km
segment of Spring Creek, about 5–8 km above the
mouth, was estimated at 1,803 (±187) individuals,
37–175 mm TL. The density was 601 individuals
per linear kilometer of stream (Scholz et al. 1986b).
Additionally, in 2003, 20 large rainbow trout
415–563 mm TL, were captured during the spring
spawning season below a barrier falls about 1 km up
from the mouth, suggesting that resident rainbow
occur above these falls and an adfluvial population
exists below the falls (Scholz 2003). Rainbow trout

The population of rainbow trout occupying Blue Creek, Mill
Creek and Spring/Tamarack creeks are presumed to represent
interior (redband) rainbow trout. There are no records of coastal
rainbow trout being stocked in Blue or Mill creeks. Spring and
Tamarack creeks were stocked with a total 14,510 and 1,667 hatchery rainbow trout respectively between 1948 and 1975. However,
the large rainbow collected below the barrier falls more closely
resembled indigenous redband trout rather than non-indigenous
hatchery rainbow trout. I recommend genetic testing of all these
populations as soon as possible.
Chamokane (Tshimakain) Creek is a small (<6 m wide) stream
that joins the Spokane River in Little Falls Reservoir. In the autumn of 1986 the population (±95% CI) of rainbow trout occupying the lower 13 km of Chamokane Creek on the Spokane Indian
Reservation, Stevens county, Washington was estimated at 15,945
(±3,633) individuals (Scholz et al. 1988). The density was 1,226 rainbow trout per linear km of stream. This population was comprised
of 9,684 (±2,510) age 0+ fish, 3,209 (±1,567) age 1+ fish, 1,403 (±441)
2+ fish, 746 (±367) 3+ fish, 247 (±58) 4+ fish and 34 (±3) 5+ fish.
The population was maintained by natural reproduction. The average lengths were 83 mm TL for age 0+ fish, 157 mm TL for age 1+
fish, 212 mm for age 2+ fish, 315 mm for age 3+ fish, 379 mm for
age 4+ fish, and 442 mm for age 5+ fish (Uehara et al. 1988). It is
unknown if this population is represented by indigenous redband
or coastal hatchery fish. Although they are spawning naturally at
the present time from March–June (when native redband spawn)
rather than in fall (when non-indigenous hatchery rainbow have
be reprogrammed to spawn), both the Ford Fish Hatchery and the
Spokane Tribal Hatchery are located on tributary of Chamokane
Creek. Both hatcheries raise coastal rainbow trout and it is probable that some of these fish escape their confinement and enter
Chamokane Creek. Chamokane Creek rainbow have not been genetically tested yet.
Rainbow trout, 54–362 mm TL, were found in 10 of 21 reaches
sampled in the mainstem of the Little Spokane River, tributary
of the Spokane River, that enters Long Lake Reservoir, where
they comprised 184 of 1,393 total fish collected (McLellan 2004).
Rainbow trout, 42–231 mm TL, were found in 1 of 8 reaches sampled in the Little Spokane River (West Branch) where they comprised 25 of 970 total fish captured (McLellan 2004). Rainbow trout
were also found in the following tributaries of the Little Spokane
River (McLellan 2002, 2003, 2004):

A. T. Scholz

1.

Bear Creek: Found in 1 of 11 reaches sampled, 17 of
3,473 total fish captured (82–185 mm TL).

2.

Beaver Creek: Found in 1 of 11 reaches sampled, 7 of
748 total fish captured (46–59 mm TL).

3.

Buck Creek: Found in 15 of 15 reaches sampled, 743 of
887 total fish captured (30–218 mm TL).

4.

Burping Brook: Found in 1 of 3 reaches sampled, 1
fish captured (169 mm TL).

5.

Dartford Creek: Found in 5 of 5 reaches sampled,
1,010 of 1,028 total fish captured (32–204 mm TL).
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6.

Deadman Creek: Found in 21 of 21 reaches sampled,
842 of 4,484 total fish captured (29–349 mm TL).

7.

Deadman Creek (South Fork): Found in 5 of 5
reaches sampled, 162 of 463 total fish captured
(29–203 mm TL).

8.

Deer Creek: Found in 13 of 14 reaches sampled, 2,311
of 4,310 total fish captured (27–232 mm TL).

9.

Dragoon Creek: Found in 25 of 28 reaches sampled,
189 of 4,658 total fish captured (46–357 mm TL).

12 reaches sampled in Coulee Creek (where 704 rainbow trout,
82–331 mm TL, were among 2,502 total fish captured). Small et
al. (2007) determined that the genetics of rainbow trout in Deep/
Coulee creeks most closely resembled indigenous redband trout.
Rainbow trout were present in Latah (Hangman) Creek, another tributary of the Spokane River (Lee 2005; McLellan 2005).
Rainbow were collected at 3 of 19 sites sampled in the Latah mainstem (n = 5 of 1,278 total fish captured, 48–445 mm TL) (Lee 2005).
Rainbow trout were also present in several tributaries of Latah
Creek, including:
1.

California Creek: Found at 7 of 7 sites sampled, 107 of
968 total fish captured (92–290 mm TL) (Lee 2005).
Found at 13 of 15 sites sampled, 50 of 909 total fish
captured (88–268 mm TL) (McLellan 2005).

2.

Cottonwood Creek (tributary of Rock Creek): Found
at 1 of 1 sites sampled, 7 of 7 total fish collected
(109–195 mm TL) (Lee 2005).

12. Heel Creek: Found in 0 of 5 reaches sampled, 0 of 349
total fish captured.

3.

Garden Springs Creek: Found at 2 of 4 sites sampled,
9 of 9 total fish captured (90–147 mm TL) (Lee 205).

13. Little Deer Creek: Found in 7 of 9 reaches sampled,
707 of 769 total fish captured (30–174 mm TL).

4.

Marshall Creek: Found at 4 of 5 sites sampled, 107 of
968 total fish captured (49–308 mm TL) (Lee 2005).
Found at 13 of 13 sites sampled, 115 of 1,484 total fish
captured (44–202 mm TL) (McLellan 2005).

5.

Stevens Creek: Found at 2 of 2 sites sampled, 11 of 34
total fish sampled (75–164 mm TL) (Lee 2005).

6.

Spangle Creek: Found at 1 of 3 sites sampled, 1 of 13
total fish (236 mm TL) (Lee 2005).

7.

Unnamed tributary of Rock Creek: Found at 1
of 1 sites sampled, 7 of 7 total fish captured (85–
160 mm TL) (Lee 2005).

10. Dragoon Creek (West Branch): Found in 6 of 14
reaches sampled, 154 of 2,197 total fish captured
(55–264 mm TL).
11.

Dry Creek: Found in 6 of 6 reaches sampled, 507 of
1,424 total fish captured (33–323 mm TL).

14. Little Deep Creek: Found in 11 of 11 reaches sampled,
346 of 1,726 total fish captured (64–251 mm TL).
15. Little Deep Creek (North Fork): Found in 5 of
6 reaches sampled, 157 of 282 total fish captured
(34–203 mm TL).
16. Little Deep Creek (South Fork): Found in 9 of
9 reaches sampled, 548 of 561 total fish captured
(24–203 mm TL).
17. Otter Creek: Found in 6 of 14 reaches sampled, 452 of
2,640 total fish captured (34–259 mm TL).
18. Pell Creek: Found in 1 of 1 reaches sampled, 13 of 13
total fish captured (35–19 mm TL).
19. Spring Creek: Found in 1 of 2 reaches sampled, 4 of
273 total fish captured (47–07 mm TL).
20. Spring Heel Creek: Found in 0 of 1 reaches sampled,
0 of 35 total fish captured.
Small et al. (2007) investigated the genetics of fish in the Little
Spokane system and found that all of them represented indigenous
populations of redband trout save the population in Buck Creek.
The Buck Creek population more closely genetically resembled
those rainbow trout from the WDFW fish hatchery on the Little
Spokane River. Hatchery fish stocked in Buck Creek developed
natural spawning populations in Buck Creek, so they were not
identical to the hatchery rainbow however.
Rainbow trout occupied Deep and Coulee creeks, tributaries
of the Spokane River (McLellan 2005). They were found in 14 of
16 reaches sampled in Coulee Creek (where 457 rainbow trout,
40–352 mm TL were among 4,575 total fish captured) and 11 of
1242

Rainbow trout were absent in the following tributaries (n = #
of reaches sampled) in the Latah drainage: Cove (n = 2), Indian
(n = 2), Little Cottonwood (n = 1), Little Hangman (n = 1), Mica
(n = 1), Minnie (n = 1), Rattlers Run (n = 4), Rock (n = 5), Rock
(North Fork) (n = 1), and Ochlare Creek (Lee 2005). McLellan
(2005) also found no rainbow trout at 7 sites sampled in Rock
Creek (n = 0 of 485 fish captured).
Rainbow trout in California Creek shared genetic ancestry with
indigenous redband trout whereas those in Marshall Creek showed
more introgression of genes from Spokane hatchery fish. California
Creek was stocked once with 10,000 hatchery fish in 1936. Marshall
Creek was stocked on 17 separate occasions between 1913 and 1960
totaling 61,939 hatchery rainbow trout.
Rainbow trout were found at 7 of 10 sites sampled by backpack electrofishing in the mainstem of Upper Crab Creek, Lincoln
County (Scholz 2002, 2003). A total of 677 rainbow trout, 39–404
mm TL, were among 1,890 fish sampled. Additionally, rainbow trout were collected in several tributaries of Crab Creek.
Rainbow trout were found a 1 of 2 sites in Wilson Creek (n = 69,
40–295 mm TL, of 189 total fish), 3 of 4 sites on Coal Creek (n = 38,
46–512 mm TL, of 366 total fish), 2 of 2 sites in Sheep Creek (n = 56,
82–182 mm TL, of 95 total fish), 1 of 3 sites in Rock Creek (n = 3,
190–374 mm TL, of 282 total fish), 2 or 2 sites in Bluestem Creek
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Table 16.47

Lyons Ferry steelhead returns to Lyons Ferry Hatchery (LFH), and numbers of Lyons Ferry Hatchery (H) and wild (W)
steelhead that returned to Tucannon Hatchery Trap (RKM 59) (THT), Lower Touchet Trap (RKM 18) (LTT), Touchet River
Trap (TRT), Cottonwood Creek Trap (CCT), and Lyons Ferry steelhead captured at Lower Granite Dam (LGD), 1990–2006.
# returning to:
LFH
Year

THT

LTT

TRT

CCT

LGD

H

W

H

W

H

W

H

W

42

26

-

-

-

-

-

-

5,867

1990–1991¹

2,343

1991–1992²

2,035

39

25

-

-

-

-

-

-

3,816

1992–1993³

3,543

119

39

-

-

8

52

-

-

2,936

1993–1994⁴

2,905

4

4

-

-

2

45

-

-

2,057

1994–1995⁵

4,011

7

7

-

-

2*

8*

-

-

799

1995–1996⁶

5,920

12

4

-

-

-

-

430

0

1,521

1996–1997⁷

5,598

23

3

-

-

-

-

233

0

3,023

1997–1998⁸

5,947

60

15

-

-

-

-

620

0

3,352

1998–1999⁹

2,937

30

22

2

55

7

42

273

0

1,417

1999–2000⁹

3,808

27

35

29

55

8

31

288

0

1,541

2000–2001⁹

2,928

14

35

14

35

41

184

749

0

2,427

2001–2002¹⁰

7,596

177

29

74

130

10

172

1,712

0

3,568

2002–2003¹⁰

2,523

64

12

86

228

12

120

480

0

5,800

2003–2004¹¹

2,145

5

38

196

82

48

119

844

16

1,388

2004–2005¹²

1,697

1

35

309

473

35

86

1,009

3

-

2005–2006¹³

1,674

1

38

48

113

49

164

2,006

35

-

Average:

3,601

39

23

95

146

22

102

786

5

2,822

Reference: ¹Schuck et al. (1993a); ²Schuck et al. (1993b); ³Schuck et al. (1994); ⁴Schuck et al. (1995); ⁵Schuck et al. (1996); ⁶Schuck et al. (1997); ⁷Schuck
et al. (1998); ⁸Martin et al (2000); ⁹Baumgarner et al. (2002); ¹⁰Baumgarner et al. (2003); ¹¹Baumgarner et al. (2004); ¹² Baumgarner et al. (2006);
¹³Baumgarner and Dedloff (2007).

(n = 10, 106–324 mm TL, of 391 total fish), and 1 of 1 sites in Edwall
Creek (n = 2, 359–364 mm TL, of 205 total fish)( Scholz 2002, 2003).
Although Crab, Wilson and Bluestem Creek are routinely planted
with hatchery rainbow we found no obvious hatchery fish in our
survey. Instead, all the fish appeared to be wild and morphologically resembled native redband trout. Subsequently, genetic analysis performed by the WDFW genetics laboratory confirmed that
samples collected from Crab (n = 106) and Wilson Creeks (n = 68)
were pure native redband trout but that rainbow from Coal Creek
(n = 21) represented a genetic admixture of native redbands and
Spokane Hatchery Fish (Bettles 2004).
In southeastern Washington wild steelhead return to the
Walla Walla River and its principle tributary, the Touchet River.
Wild steelhead also return to the Tucannon River, Asotin Creek,
and the Grande Ronde River, tributaries of the Snake River.
Hatchery steelhead are also raised at the Lyons Ferry hatchery,
located on the Snake River below Little Goose Dam, and at the
Tucannon Fish hatchery, located at RKM 59 on the Tucannon
River. Lyons Ferry Hatchery was constructed in 1981 and the
Tucannon Hatchery was refurbished in 1984–1985 as part of the
Lower Snake River Compensation Plan (LSRCP), a federal program that compensated for the loss of salmon and steelhead habitat caused by the construction of four dams, (Ice Harbor—RKM 16,
Lower Monumental—RKM 67, Little Goose—RKM 113, and Lower
Granite Dam—RKM 224) on the lower Snake River. In addition

to the hatcheries, the LSRCP funded the construction of three
acclimation ponds on the Touchet (Dayton acclimation pond—
RKM 87), Tucannon (Curl Lake acclimation pond—RKM 66),
and Grande Ronde (Cottonwood Creek acclimation pond) rivers.
Juvenile steelhead raised at Lyons Ferry or Tucannon hatcheries
are transferred into these ponds before they smolt in an attempt to
imprint them, so they will home back to each acclimation pond.
Additionally, WDFW maintained traps to capture returning adults
at the following locations: Lyons Ferry hatchery, Touchet River at
Dayton, Lower Tucannon Ricer (at RKM 18) and Tucannon Fish
hatchery, and Cottonwood Creek on the Grande Ronde River.
Also, because the Lyons Ferry hatchery ladder has poor attraction
flows, a number of steelhead released at Lyons Ferry Hatchery bypass the hatchery and are captured in fish ladders at Little Goose
and Lower Granite Dams. Consequently, the number of steelhead
bearing Lyons Ferry Hatchery marks, coded wire tags or PIT tags
passing Lower Granite Dam has been recorded annually.
The number of steelhead returning annually to Lyons Ferry
hatchery, the Tucannon Hatchery trap, the lower Tucannon River
trap, and Touchet River trap, the Cottonwood Creek trap, and
Lower Granite Dam from 1990–2006 is recorded in Table 16.47.
The number of steelhead returning annually to Lyons Ferry has
averaged (ranged) 3,600 (1,674–7,596) during this interval with the
highest number returning in 2001/ 2002 and the lowest number
returning in 2005/2006 (Table 16.47).

A. T. Scholz
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Table 16.48

Sport harvest, escapement, and total run size of hatchery and wild summer-run steelhead into the Walla Walla River,
1993–2001.
Sport harvest

Table 16.49

Escapement

Total run size

Year

Hatchery

Wild

H+W

Hatchery

Wild

H+W

Hatchery

Wild

H+W

1993

1,027

15

1,042

2

815

817

1,029

830

1,859

1994

414

26

440

1

535

536

415

561

976

1995

1,530

40

1,570

5

430

435

1,535

470

2,005

1996

1,564

65

1,629

7

358

365

1,571

423

1,994

1997

1,925

25

1,950

5

292

297

1,930

317

2,247

1998

298

0

298

3

378

381

301

378

679

1999

533

16

549

1

279

280

534

295

829

2000

1,007

22

1,029

13

514

527

1,020

536

1,556

2001

1,969

50

2,019

0

700

700

1,969

750

2,719

Average:

1,141

29

1,170

4

478

482

1,145

507

1,652

Redd counts in the Walla Walla River and its tributaries, excluding the Touchet River, 1999–2005 (Data from Mendel et al.
2000, 2001, 2002, 2003, 2004, 2005 and 2006). See also Touchet River redd counts (Table 16.49).
Redd Counts in
Location

1999

2000

2001

2002t

2003

2004

2005

Walla Walla River

-

-

6

-

-

-

-

6

Blue Creek

-

-

0

-

-

-

-

0

Cottonwood Creek

-

1

1

0

-

-

-

1

Dry Creek

6

5

-

-

-

-

-

6

Dry Creek (North Fork)

-

2

-

-

-

-

-

2

Lewis Creek

-

0

-

-

-

-

-

0

Little Walla Walla River (East)

-

0

1

0

-

-

-

0

Little Walla Walla River (West)

-

1

0

0

-

-

-

0

Mill Creek

-

0

22

1

9

36

80

30

Jim Creek

-

0

-

-

-

-

-

0

Patit Creek

0

5

-

-

-

-

-

3

Patit Creek (South Fork)

2

-

-

-

-

-

-

2

Russel Creek

-

0

-

-

-

-

-

0

Titus Creek

-

-

-

-

-

0

-

0

Whiskey Creek

-

-

-

-

4

8

-

6

Yellow Hawk Creek

-

1

-

-

-

-

-

1

*

Average

Only Lower 5 km were surveyed, these not included in average.
Incomplete counts were made in 2002, therefore not included in average.
- = not surveyed, therefore not included in average.
*
t

The number of hatchery and wild steelhead returning annually
to the fish traps has averaged (ranged) 45 (4–177) hatchery and 29
(4–55) wild steelhead to the Tucannon hatchery trap, 95 (2–309)
hatchery and 146 (35–473) wild steelhead to the Lower Tucannon
River trap, 22 (2–49) hatchery and 1,021 (31–184) wild steelhead
to the Touchet River trap, and 786 (233–2,006) hatchery and 5
(0–35) wild steelhead at the Cottonwood Creek trap (Table 16.46).
Additionally, an average (range) of 2,822 (799–5,867) Lyons Ferry
steelhead have been counted passing Lower Granite Dam.
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The goal of the LSRCP Lyons Ferry Hatchery was to release
steelhead smolts into the Snake River mainstem (n = 100,000
annually), Asotin Creek (n = 36,000 annually), Grande Ronde
River (n = 310,000 annually), Tucannon River (n = 175,000 annually), Touchet River (n = 175,000 annually) and Walla Walla River
(n = 175,000 annually), totaling 931,000 smolts released. Assuming
a rate of 0.5% smolt to adult survival and precise homing, these
numbers of smolts should produce the following numbers of adults
returning to each river: 500 to the Snake mainstem, 180 to Asotin
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Creek, 1,530 to the Grande Ronde River, 875 to the Tucannon River,
675 to the Touchet River, and 875 to the Tucannon River, 675 to
the Touchet River, and 875 to the Walla Walla River, totaling 4,655
returning adults. These fish would be available for harvest, egg collection to replace the hatchery stocks and for supplementing the
number of naturally spawning (wild) fish returning to each river.
The Lyons Ferry Hatchery was designed to produce all 931,000
steelhead smolts. All of the hatchery steelhead were marked by fin
clipping. Thus, allowing anglers to harvest only fin clipped (hatchery produced) steelhead had the added advantage of protecting
wild spawners in each river.
Lyons Ferry hatchery summer steelhead stock was developed
principally from eggs obtained from ODFW’s Wallowa hatchery
on the Grande Ronde River, augmented by occasional transfers of
steelhead from Wells hatchery (Delarm and Smith 1990d). Both the
these stocks are composed of native interior (redband) steelhead.
In addition to Lyons Ferry hatchery, LSRCP hatcheries include
Dworshak National Fish Hatchery, constructed on the North
Fork of the Clearwater River, and four other smaller hatcheries
constructed on the Clearwater, Salmon and middle Snake rivers.
Dworshak summer steelhead stock was developed from B-run
Table 16.50

North Fork Clearwater summer steelhead in 1969. It produces
about 3 million steelhead annually for stocking in the Clearwater,
Salmon and Snake rivers.
Estimates of sport harvest, escapement and total run size of
hatchery and wild steelhead entering the Walla Walla River are
available for 1993–2001 (Table 16.48) (Scott and Smith 2006).
During this 9 year interval, sport harvest averaged (ranged) 1,141
(298–1,969) hatchery fish and 29 (0–65) wild fish. Escapement averaged (ranged) 4 (0–13) hatchery fish and 478 (279–815) wild fish.
Total run size equaled sport harvest plus escapement and averaged
(ranged) 1,145 (301–1,969) hatchery fish and 507 (295–830) wild fish
(Table 16.48).
Steelhead redd counts were made in the Walla Walla Sub-Basin
from 1999 to 2005 (Mendel et al. 2000, 2001, 2002, 2003, 2004,
2005, 2006) (Table 16.49). A few redds were counted in the Walla
Walla mainstem and many tributaries despite the fact that most
tributaries have a limited spawning habitat available. Dry Creek
(average = 6 redds), and Mill Creek (average = 30 redds) were the
most consistent producers of steelhead trout in the Walla Walla
Sub-basin exclusive of the Touchet River. Schuck et al. (1993b) recorded 61 redds in Mill Creek in 1992.

Steelhead redd counts in the Touchet Rivers, tributary of the Walla Walla River) 1986–2005. Km = the number of kilometers
that were surveyed.
Touchet River

South Fork

North Fork

Wolf Fork

Robinson Fork

Basin total

Year

km

# redds

km

# redds

km

# redds

km

# redds

km

# redds

km

# redds

#/km

1986¹

-

-

-

-

-

-

-

-

-

-

-

-

-

1987¹

-

-

17.6

68

25

73

12.5

53

-

-

54.6

194

3.6

1988²

-

-

25.1

236

12

109

12.5

124

-

-

49.6

469

9.4

1989³

-

-

-

-

-

-

-

-

-

-

-

-

-

1990⁴

2.4

9

25.1

54

12

36

16.5

81

8

18

64

198

3.1

1991⁵

2.4

22

25.1

43

17

40

16.5

54

8

11

69

170

2.5

1992⁶

2.4

2

25.1

165

18

81

16.5

68

8

1

69.8

317

4.5

1993⁷

-

-

25.1

126

18

36

16.5

24

8

2

67.4

188

2.8

1994⁸

-

-

25.1

92

18

127

16.5

56

8.8

19

68.2

294

4.3

1995⁹

-

-

25.1

99

18

82

16.5

82

8.8

9

68.2

272

4

1996¹⁰

-

-

25.1

159

-

-

-

52

-

-

41.6

211

5.1

1997* ¹¹

-

-

-

-

-

-

-

-

-

-

-

-

-

1998¹²

-

-

25.1

122

18

96

16.5

111

-

-

59.4

329

5.5

1999¹³

6.3

9

12.1

25

8.6

20

9.5

19

6.4

7

42.3

80

1.9

2000¹³

10.8

11

14.6

32

14

40

16.6

42

7.8

16

73.4

141

1.9

**

2001 ¹³

-

-

16.9

40

13

30

13.1

41

6.2

7

49.4

118

2.4

2002¹⁴

-

-

7.8

30

7

10

7.6

19

-

-

22.4

59

2.6

2003¹⁵

-

-

15

18

25

28

16.5

34

-

-

56.3

80

1.4

2004¹⁵

-

-

24.5

34

19

77

16.5

59

8.8

22

69

192

2.8

2005¹⁶

-

-

5.3

16

9.3

44

8.1

19

6.4

27

29.1

106

3.6

4.9

10.6

20.0

79.9

15.6

58.1

14.3

55.2

7.7

12.6

56.1

201.1

3.6

Average

High, turbid river conditions prevented accurate survey in the Touchet River or any of its tributaries in 1997.
High, turbid river conditions prevented accurate surveys in the Touchet River in 2001.
References: ¹Schuck et al. (1988); ²Schuck et al. (1989); ³Schuck et al. (1990); ⁴Schuck et al. (1991); ⁵Schuck et al. (1993a); ⁶Schuck et al. (1993b);
⁷Schuck et al. (1994); ⁸Schuck et al. (1995); ⁹Schuck et al. (1996); ¹⁰Schuck et al. (1997); ¹¹Schuck et al. (1998); ¹²Martin et al (2000); ¹³Baumgarner et al.
(2002); ¹⁴Baumgarner et al. (2003); ¹⁵Baumgarner et al. (2004); ¹⁶Baumgarner and Bedloff (2007).
*

**
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5
3
3
2
4
3
4
-

Touchet River (North Fork)

Touchet River (South Fork)

Touchet River (Wolf Fork)

Touchet River (Robinson Fork)

Touchet River (Burnt Fork)

Coppei Creek (mainstem)

Coppei Creek (North Fork)

Coppei Creek (South Fork)

Dry Creek

Dry Creek (North Fork)

Mill Creek

Yellowhawk Creek

Cottonwood Creek

-

-

-

-

-

28.6

18.2

3.9

-

34.9

33.2

30.3

18.1

9.3

4.1

<200

-

-

-

-

-

0.0

0.0

0.0

-

0.4

0.0

0.6

0.0

0.2

0.2

>200

n

-

-

-

2.0

6.0

3.0

2.0

2.0

2.0

5.0

3.0

5.0

5.0

7.0

5.0

-

-

-

21.3

29.5

50.8

34.2

23.4

37.5

28.9

31.2

16.9

22.8

15.5

5.0

<200

1999²

-

-

-

0.0

0.3

0.0

0.0

0.0

0.6

0.1

0.2

0.2

0.8

0.1

0.7

>200

4

6

3

4

4

2

3

2

1

4

10

8

13

3

6

n

47.4

4.0

1.2

36.8

16.7

33.8

43.1

5.6

26.5

46.5

18.1

28.8

24.2

18.3

6.7

<200

2000³

0.0

0.2

0.0

0.0

0.3

0.0

1.3

0.0

0.0

0.0

0.3

0.4

0.5

2.1

0.2

>200

2

4

9

-

-

-

-

-

3

5

11

16

11

9

5

n

185.4

4.6

14.2

-

-

-

-

-

27.5

37.4

22.2

24.5

25.2

15.9

8.8

<200

2001⁴

0.0

0.0

1.0

-

-

-

-

-

0.3

0.1

0.3

0.7

0.7

0.3

0.4

>200

3

5

14

-

-

-

-

-

-

5

7

8

7

8

4

n

References: ¹Mendel et al. (1999); ²Mendel et al. (2000); ³Mendel et al. (2001); ⁴Mendel et al. (2002); ⁵Mendel et al. (2003); ⁶Mendel et al (2004).

8

4

Touchet River (mainstem)

n

Walla Walla River

1998¹

39.3

11.9

19.1

-

-

-

-

-

-

55.7

49.9

64.9

60.1

16.6

5.3

<200

2002⁵

0.0

0.0

0.4

-

-

-

-

-

-

0.3

0.2

0.4

0.1

0.0

0.0

>200

-

6

15

-

-

5

4

4

3

-

5

2

7

-

6

n

-

3.2

26.8

-

-

-

97.9

106.4

78.4

22.3

17.6

63.5

11.1

-

6.1

<200

2003⁶

-

0.0

0.7

-

-

0.0

0.0

0.0

0.4

-

0.4

1.1

0.1

-

0.0

>200

0.5
0.4
0.6
0.2
0.2
0.3
0.0
0.3
0.0
0.3
0.0
0.5
0.1
0.0

26.9
38.2
28.7
37.6
42.5
34.8
48.4
37.7
23.1
29.1
15.3
5.9
90.7

0.3

6.0
15.1

>200

<200

Average

Average densities of age 0 and 1+ steelhead (<200 mm FL) and resident rainbow trout (>200 mm FL) in the Walla Walla River Basin 1998–2003. Density reported in #/100 m².
n = the number of sites that were sampled.

Location

Table 16.51

Chapter 16

Subfamily Salmoninae

Steelhead redds were most abundant in the Touchet River,
the principle tributary of the Walla Walla river. Steelhead redd
counts were made in the Touchet River mainstem from 1986–2005
(Table 16.50). Redds were also counted in South, North, Wolf
and Robinson Forks of the Touchet River (Table 16.49) and in
the Coppei Creek mainstem and it’s North and South Forks from
1999–2005. Over the 20 year period a mean (range) of 56.1 (22.4–
73.4) river kilometers was surveyed throughout the Touchet Basin,
producing an average (range) count of 205 (59–469) redds, for an
average (range) of 3.6 (1.4–9.4) redds per kilometer. The highest
redd count per kilometer was in 1986 (9.4/km) and the lowest was
in 2003 (1.4/km). From 2001 to 2005 redd density ranged from 1.4
to 3.6 per kilometer. Coppei Creek mainstem redds numbered 16
in 1999, 11 in 2000, 7 in 2003, 15 in 2004 and 17 in 2005 (Mendal et
al. 2006). Coppei Creek North Fork redds and South Fork redds
numbered 11 and 20 respectively in 1999, 40 and 16 in 2000, 14 and
7 in 2003, 3 and 15 in 2004 and 5 and 22 in 2005. Redd count averaged 13 in Coppei Creek mainstem, 7 in the North Fork and 16 in
the South Fork.
Estimated sport harvest, escapement and total run size of
hatchery and wild steelhead entering the Touchet River are available for 1988–1995 and 1998–2001 (Table 16.51) (Scott and Smith
2006). During this 12 year period, sport harvest averaged (ranged)
338 (151–635) hatchery fish and 6 (0–18) wild fish. Escapement averaged (ranged) 38 (14–80) hatchery fish and 317 (161–837) wild fish.
Total run size equaled sport harvest plus escapement plus averaged
(ranged) 376 (189–715) hatchery fish and 323 (178–837) wild fish.
Between 2001 and 2005, radio-tracking studies have revealed
that 153 hatchery adults and 136 wild adults entered the Walla Walla
River in the fall and held in the lower river (Mahoney 2003, 2006).
In spring they migrated up the Walla Walla River into tributary
streams such as the Touchet River, Mill Creek and Yellowhawk
Creek. After spawning in these streams, the majority of the fish
immediately migrated back as kelts to the lower Walla Walla River.
Tier (2004) using video equipment counted 851 steelhead migrating upstream past Bennington Dam in Mill Creek in 2003.
Average densities of juvenile steelhead rainbow trout in tributaries throughout the Walla Walla Basin from 1998–2003 are recorded in Table 16.51. These densities were obtained by blocking
off a section of stream and estimating the population by making at least two passes through it using a backpack electrofisher
(Mendel et al. 1999, 2000, 2001, 2002, 2003, 2004). A removal
depletion estimator was used to estimate the abundance of age
0+ and 1+ steelhead (<200 mm FL) and resident rainbow (>200
mm FL) within the blocked off area. The area blocked off was
determined and the density of steelhead and rainbow/100 m²
was calculated. The average (range) densities of age 0 and age 1
steelhead over the period of record was 6.0 (4.1–8.8)/100 m² in
the Walla Walla River, 15.1 (9.3–16.6)/100 m² in the mainstem
of the Touchet River, 26.9 (11.1–60.1)/100 m² in the North Fork
Touchet River, 38.2 (16.9–64.9)/100 m² in the South Fork Touchet
River, 28.7 (17.4–49.9)/100 m² in the Wolf Fork Touchet River,
37.6 (28.9–55.7)/100 m² in the Robinson Fork Touchet River, 42.5
(26.5–78.4)/100 m² in the Burnt Fork Touchet River, 34.8 (3.9–
106.4)/100 m² in the Coppei Creek mainstem, 48.4 (18.2–97.6)/100
m² in the Coppei Creek (North Fork), 37.7 (28.6–50.8)/100 m²
in the Coppei Creek (South Fork 29.1 (21.3–36.8)/100 m² in Dry
Creek, 29.1 (21.3–36.8)/100 m² in the North Fork of Dry Creek,
15.3 (1.2–26.8)/100 m² in Mill Creek, 5.9 (3.2–11.9)/100 m² in the

Yellowhawk Creek, and 90.7 (39.3–185.4)/100 m² in Cottonwood
Creek. Resident rainbow (>200 mm FL) were rare throughout the
Walla Walla Basin; averaging only 0.3 fish per site. They were found
principally in the colder headwater tributaries.
Estimated abundance of age 0 and 1 juvenile steelhead in the
Touchet River Basin from 1992–2005 is recorded in Table 16.52. The
Touchet River mainstem, North Fork, South Fork, Wolf Fork and
Robinson Fork produced an average of 49,500, 68,100, 43,500, and
10,700 juvenile steelhead respectively over the period of record, In
the most recent 5 year period (2001–2005) the numbers produced
annually were 49,500, 92,900, 72,000, 64,400 and 10,700 respectively. Table 16.53 provides estimates of age 0 and age 1 steelhead occupying the mainstem and North, South, Wolf and Robinson forks
of the Touchet River.
Estimates of sport harvest, escapement and total run size of
hatchery and wild summer steelhead entering the Tucannon River
are available for 1986–1995 and 1997–2002 (Scott and Smith 2006,
Table 16.54). During this 16 year period, sport harvest averaged
(ranged) 550 (180–1,731) hatchery fish and 10 (0–44) wild fish.
Escapement averaged (ranged) 375 (96–787) hatchery fish and 218
(31–525) wild fish. Total run size was equivalent to sport harvest
plus escapement and averaged (ranged) 866 (255–1,964) hatchery
fish and 219 (53–534) wild fish.
Steelhead redd counts were made in the Tucannon River mainstem from 1986–2004 (Table 16.55). Redds were also counted in
two tributaries, Panjab Creek and Cummings Creek in same years
(Table 16.54). Over the 20 year period a mean (range) of 54.4 (25.9–
88.3) river kilometers was surveyed throughout the Tucannon
Basin, producing an average (range) count of 220 (34–503) redds
for an average (range) of 4.2 (0.7–10.3) redds per kilometer. The
highest redd count per kilometer was in 1983 (10.3/km) and the
lowest was in 2003 (0.7/km). From 2001 to 2005 redd density has
ranged from 0.7–6.3 per kilometer. The Tucannon stock of steelhead has not recovered as well as other stocks because too much
water has been withdrawn from the Tucannon River and its aquifer
for agriculture (see Chapters 4 and 5 for details).
Estimated abundance of age 0 and 1, juvenile steelhead in the
Tucannon River Basin from 1984–2005 is recorded on Table 16.56.
The Tucannon mainstem and Cummings Creek produced an average of 60,000 and 14,200 juvenile steelhead respectively over the
period of record. In the most recent 5 year interval (2001–2005)
the average number produced were 94,200 and 15,900 respectively.
Estimates of sport harvest, escapement and total run size of
hatchery and wild summer steelhead entering Asotin Creek, tributary of the Snake River, Asotin County, Washington, are available
for 1986–1989, 1991–1995, and 1998–2001 (Table 16.57) (Scott and
Smith, 2006). During this 13 year period, sport harvest averaged
(ranged) 3 (0–18) hatchery fish and 1 (0–7) wild fish. There was no
estimated escapement for hatchery fish, but it was thought to be
minimal. Escapement of wild fish averaged ranged 378 (99–754).
Total run size averaged (ranged) 3 (0–18) hatchery fish and 379
(99–754) wild fish.
Steelhead redd counts were made in Asotin Creek, North Fork
Asotin Creek, South Fork Asotin Creek and Charley Creek from
1986 to 2005 (Table 16.58). Over the 20 year period a mean (range)
of 34.4 (18.3–58.2) river kilometer was surveyed throughout the
Asotin Basin producing an average (range) count of 169 (34–470)
redds for an average (range) of 4.8 (1.2–12.9) redds per kilometer.
The highest redd density per kilometer was in 1986 (12.9/km) and
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Table 16.52

Sport harvest, escapement and total run size of hatchery and wild summer-run steelhead trout into the Touchet River,
1988–1995 and 1998–2001.
Sport Harvest

Escapement

Total run size

Year

Hatchery

Wild

H+W

Hatchery

Wild

H+W

Hatchery

Wild

H+W

1988

231

0

231

73

837

910

304

837

1,141

1989

505

0

505

16

178

194

521

178

699

1990

334

0

334

24

276

300

358

276

634

1991

380

6

386

14

161

175

394

167

561

1992

217

0

217

27

311

338

244

311

555

1993

205

0

205

31

402

433

236

402

638

1994

299

14

313

16

298

314

315

312

627

1995

635

15

650

80

323

403

715

338

1,053

1998

513

0

513

44

395

439

557

395

952

1999

151

6

157

38

226

264

189

232

421

2000

150

18

168

47

181

228

197

199

396

2001

440

15

455

47

211

258

487

226

713

Average

338

6

345

38

317

355

376

323

699

Table 16.53

Estimated juvenile (age 0 and 1) steelhead abundance in the Touchet River (number x 1000).
Estimated juvenile (age 0 and 1) steelhead in:
Year

Touchet River
mainstem

North
Forka

South
Forkb

Wolf
Forkc

Robinson
Forkd

1992¹

-

78.9

72.6

58.6

-

1993¹

-

66.7

34.3

40.2

-

1994¹

-

44.7

38.5

33.1

-

1995¹

-

80.7

62

36.3

-

1996¹

-

14.7

19.2

9.4

-

1997¹

-

50

25.2

31

-

1998²

-

35.8

589.3

43.4

-

1999³

-

63.9*

36.1*

32.7*

-

2000³

-

54*

32.5*

32*

-

2001⁴

51.4*

64.1*

39.9*

68.9*

1.2*

2002⁴

37.1*

102.0*

130.5*

68.9*

15.0*

2003⁵

57.1

144.6

61.7

79.2

18.6

2004⁶

-

83.9

88.3

62.4

12.4

2005⁷

52.2

70

39.7

42.4

6.5

Total:

197.8

954.0

1229.9

638.2

53.7

Average

49.5

68.1

94.6

45.6

10.7

5 year total

197.8

464.4

320.2

321.8

53.7

5 year average

49.5

92.9

80.1

64.4

10.7

RKM 0.0–17.8
RKM 0.0–25.1
c
RKM 0.0–16.5
d
RKM 0.0–15.3
*
Estimated from graph.
References: ¹Schuck et al. (1998); ²Martin et al. (2000); ³Baumgarner et al. (2002); ⁴Baumgarner et al. (2003); ⁵Baumgarner et al. (2004); ⁶Baumgarner
et al. (2006); ⁷Baumgarner et al. (2007).
a

b
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Table 16.54

Sport harvest, escapement and total run size of hatchery and wild summer-run steelhead trout into the Tucannon River,
1986–2003.
Sport Harvest

Escapement

Total run size

Year

Hatchery

Wild

H+W

Hatchery

Wild

H+W

Hatchery

Wild

H+W

1986

206

0

206

750

521

1,271

956

521

1,477

1987

180

9

189

787

525

1,312

967

534

1,501

1988

255

0

255

388

319

707

643

319

962

1989

310

0

310

343

416

759

653

416

1,069

1990

337

0

337

256

210

466

593

210

803

1991

320

6

326

513

166

679

833

172

1,005

1992

354

4

358

475

94

569

829

98

927

1993

159

0

159

96

151

247

255

151

406

1994

164

0

164

230

147

377

394

147

541

1995

593

10

603

322

71

393

915

81

996

1997

748

0

748

203

109

312

951

109

1,060

1998

246

44

290

280

138

418

526

182

708

1999

1,124

22

1,146

226

31

257

1,350

53

1,403

2000

592

18

610

430

198

628

1,022

216

1,238

2001

1,731

28

1,759

233

146

379

1,964

174

2,138

2002

1,079

20

1,099

248

104

352

1,327

124

1,451

2003

946

6

952

152

59

211

-

-

-

Average:

550

10

559

349

200

549

886

219

1,105

Table 16.55

Steelhead redd counts in the Tucannon River Basin, 1986–2005. km= the number of kilometers that were surveyed. (Page 1 of 2.)
Tucannon River

Panjab Creek

Cummings Creek

Basin Total

Year

Km

# redds

Km

# redds

Km

# redds

Km

# redds

Redds/ km

1986¹

25.3

138

63.7

44

10.4

52

39.6

234

5.9

1987¹

35.2

284

3.7

8

9.8

53

48.7

350

7.2

1988¹

25.9

267

-

-

-

-

25.9

267

10.3

1989¹

25.9

34

-

-

-

-

25.9

34

1.3

1990²

25.9

23

3.7

3

10.4

8

40.0

34

0.9

1991³

56.6

100

3.7

0

10.4

11

70.7

111

1.6

1992⁴

50.0

430

5.4

10

11.2

63

66.6

503

7.6

1993⁵

50.1

356

5.4

-

11.2

-

50.1

356

7.1

1994⁶

51.2

179

5.4

5

11.2

63

67.8

247

3.6

1995⁷

51.2

174

5.4

0

11.2

23

67.8

197

2.9

1996⁸

51.2

192

5.4

-

11.2

74

67.8

266

3.9

1998** ¹⁰

51.2

204

-

-

11.2

14

62.4

218

3.2

1999¹¹

36.4

147

-

-

6.4

11

42.8

158

3.7

2000¹¹

38.6

99

-

-

6.4

16

45.0

115

2.6

2001¹¹

45.9

297

-

-

6.1

30

52.0

327

6.3

2002¹²

62.2

164

-

-

8.0

12

70.2

176

2.5

1997 ⁹
*

Table 16.55 concluded next page.
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Table 16.55 concluded Steelhead redd counts in the Tucannon River Basin, 1986–2005. km= the number of kilometers that were surveyed. (Page 2 of 2.)
Tucannon River
Year

Km

2003¹³
2004¹⁴

Panjab Creek

Cummings Creek

Basin Total

# redds

Km

# redds

Km

# redds

Km

# redds

Redds/ km

63.0

50

-

-

10.6

16

?

435

-

-

10.6

8

73.6

50

0.7

88.3

440

5.0

2005¹⁵

18.2

35

-

-

10.6

41

28.8

76

2.6

Average:

42.4

189.9

11.3

10.0

9.8

30.9

54.4

218.9

4.2

High, turbid river conditions prevented accurate surveys.
Incomplete count.
References: ¹Schuck et al. (1988); ²Schuck et al. (1991); ³Schuck et al. (1993a); ⁴Schuck et al. (1993b); ⁵Schuck et al. (1994); ⁶Schuck et al (1995); ⁷Schuck
et al. (1996); ⁸Schuck et al. (1997); ⁹Schuck et al (1998); ¹⁰Martin et al (2000); ¹¹Baumgarner et al (2002); ¹²Baumgarner et al. (2003); ¹³Baumgarner et al.
(2004); ¹⁴Baumgarner et al. (2006); ¹⁵Baumgarner and Dedloff (2007).
*

**

Table 16.56

Estimated juvenile (age 0 and 1) steelhead abundance in the Tucannon River.
Estimated (age 0 and 1) steelhead in:
Year

Tucannon River

Cummings Creek

1984¹

41.3

-

1985¹

-

-

1986¹

66.2

-

1987¹

62.3

-

1988¹

-

-

1989¹

63.3

-

1990¹

56.0

-

1991¹

35.8

-

1992¹

50.7

-

1993¹

45.1

16.2*

1994¹

-

13.8*

1995¹

32.9

13.3*

1996¹

42.2

14.6*

1997¹

41.9

-

1998²

58.6

5.6*

1999³

21.0*

13.2

2000³

*

38.0

14.6*

2001⁴

36.5*

16.8*

2002⁴

72.0*

23.8*

2003⁵

185.2

20.2

2004⁶

127.4

11.1

2005⁷

49.9

7.6

Total

1,126.3

170.8

Average

59.3

14.2

5 yr. total

471

79.5

5 yr. average

94.2

15.9

Estimated from graph.
References: ¹Schuck et al. (1998); ²Martin et al. (2000); ³Baumgarner et al. (2002); ⁴Baumgarner et al. (2003); ⁵Baumgarner et al. (2004); ⁶Baumgarner
et al. (2006); ⁷Baumgarner et al. (2007).
*
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Table 16.57

Sport harvest, escapement and total run size of hatchery and wild summer-run steelhead trout into the Asotin Creek,
1986–2001.
Sport harvest

Escapement

Total run size

Year

Hatchery

Wild

H+W

Hatchery

Wild

H+W

Hatchery

Wild

H+W

1986

0

0

0

-

754

754

0

754

754

1987

4

0

4

-

454

454

4

454

458

1988

4

7

11

-

325

325

4

332

336

1989

0

0

0

-

750

750

0

750

750

1991

1

0

1

-

750

750

1

750

751

1992

0

0

0

-

116

116

0

116

116

1993

0

0

0

-

99

99

0

99

99

1994

0

0

0

-

148

148

0

148

148

1995

18

3

21

-

256

256

18

259

277

1998

4

0

4

-

119

122

4

119

126

1999

0

0

0

-

371

371

0

371

371

2000

6

0

6

-

231

231

6

231

237

2001

6

3

9

-

543

543

6

546

552

Average

3

1

4

-

378

378

3

379

383

Table 16.58

Steelhead redd counts in Asotin Creek Basin, 1986–2006. km = number of kilometers surveyed. - = no data available.

Year

Asotin Creek

South Fork

North Fork

Charley Creek

Basin totals

KM

# redds

KM

# redds

KM

# redds

KM

# redds

KM

# redds

redds/km

1986¹

6.2

67

11.6

159

8.5

168

10.1

76

36.4

470

12.9

1987¹

6.7

52

8.4

54

7.7

123

8.1

53

30.9

282

9.1

1988

-

-

10.6

100

7.7

68

-

-

18.3

168

9.2

1989²

-

-

10.6

35

7.7

15

-

-

18.3

50

2.7

1990³

-

-

10.6

17

7.7

17

11.2

0

29.5

34

1.2

1991⁴

-

-

10.6

0

7.2

26

11.2

10

29

36

1.2

1992⁵

2

3

11.2

23

9.6

27

12.3

19

35.1

72

2.9

1993⁶

-

-

11.2

50

9.6

34

12.3

8

35.2

92

2.8

1994⁷

2.1

4

11.2

17

9.6

33

12.3

8

33.1

62

1.8

1995⁸

-

-

11.2

32

9.6

66

12.3

12

20.8

110

3.3

1996⁹

-

-

11.2

65

9.6

53

-

-

-

118

5.7

1997¹⁰

-

-

-

-

-

-

-

-

38.8

-

-

1998¹¹

-

44

11.2

32

9.6

19

-

7

29.4

51

2.5

1999¹²

11.7

44

4.8

17

4.9

43

8

17

32.4

121

4.1

2000¹²

13.1

36

6.4

21

4.9

21

8

16

45.6

94

2.9

2001¹²

14.8

1999

10.3

33

10.2

91

10.3

43

48.2

366

8

2002¹³

15.5

180

10.6

10

11.8

46

10.3

24

57.6

260

5.4

2003¹⁴

21.4

139

11.4

5

12.8

56

10.9

42

58.2

242

4.2

2004¹⁵

20.5

310

11.4

19

16

67

10.3

37

41.6

433

7.4

2005¹⁶

15.8

62

3.3

5

12.8

52

9.7

31

34.4

150

3.6

Average:

11.8

245.0

9.9

36.5

9.3

53.9

10.5

25.2

35.4

169.0

4.8

References: ¹Schuck et al (1988); ²Schuck et al (1990); ³Schuck et al (1991); ⁴Schuck et al (1993a); ⁵Schuck et al (1993b); ⁶Schuck et al (1994); ⁷Schuck
et al (1995); ⁸Schuck et al (1996); ⁹Schuck et al (1997); ¹⁰Schuck et al (1998); ¹¹Martin et al (2000); ¹²Baumgarner et al (2002); ¹³Baumgarner et al (2003);
¹⁴Baumgarner et al (2004); ¹⁵Baumgarner et al (2006); ¹⁶Baumgarner and Dedloff (2007).
A. T. Scholz
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the lowest was in 1990 and 1991 (1.2/km). From 2001–2005 redd
density ranged from 3.6–8.0 per kilometer.
Asotin Creek, has been designated as a wild steelhead sanctuary by WDFW. In 1998, WDFW ceased all direct hatchery releases
into the Asotin Creek watershed and eliminated all harvest in an
attempt to establish a wild spawning population. Commencing in
2004, WDFW installed at smolt trap at RKM 13.2 to monitor the
number of wild smolts and hatchery strays that emigrated from
Asotin Creek. A total of 8,028 juvenile steelhead, 60–229 mm
TL were captured during the 2004 migration season and the total number of juvenile steelhead >110 mm TL emigrating from
Asotin Creek was estimated (±95% CI) at 43,457 (37,872–48,942)
individuals or about 1,129 juveniles per RKM above the trapping
site at RKM 13.2 (Mayer and Schuck 2004). A total of 7,214 juvenile
steelhead, 53–240 mm TL, were captured during the 2005 migration season and the total number of juvenile steelhead, >110 mm
TL, emigrating from Asotin Creek was estimated at 27,287 (18,777–
37,788) individuals or about 593 juveniles per RKM above the trapping site of RKM 7.0 (Mayer et al. 2006).
In 2005, an adult trap was installed about RKM 7.0 at Asotin
Creek to monitor passage of spawning adults. A total of 611 wild
fish and 42 hatchery strays (bearing coded wire tags) were passed
above the trap to spawn in 46 km of accessible steelhead habitat
in Asotin Creek located above the trap. Of the CWT hatchery fish,
66.7% were from WDFW’s Lyons Ferry Hatchery and 33.3% were
from WDFW’s Tucannon Hatchery. A total of 396 steelhead redds
were counted above the trap (including 266 in the mainstem in
the Asotin Creek North Fork, 19 in Asotin Creek South Fork, and
41 in Charley Creek) and 92 redds were counted in the mainstem
below the trap for a total of 488 redds counted in the Asotin Creek
watershed in 2005.
Estimated abundance of age 0 and 1 juvenile steelhead in the
Asotin Creek Basin from 1983–2005 is recorded in Table 16.59.
Over the period of record (1993–2005) the Asotin mainstem has
produced an average (range) of 57, 200 (17,000–123,900) juvenile
steelhead. During the most recent 5 year interval (2001–2005)
Asotin Creek mainstem has produced an average (range) of
86,000 (44,000–123,900) juvenile steelhead. Over the period of
record (1983–2005) Asotin Creek (North Fork) has produced an
average (range) of 32,200 (7,800–59,500) juvenile steelhead and
Asotin Creek (South Fork) has produced an average (range) of
15,300 (4,800–53,200) juvenile steelhead. During the most recent
5 year interval (2001–2005) the North Fork has produced an average (range) of 38,600 (20,100–54,800) juvenile steelhead and the
South Fork produced an average (range) of 27,300 (14,600–53,200)
juvenile steelhead. Data have been recorded for Charley Creek
only during the most recent 5 years (2001–2005). Charley Creek
produced an average (range) of 25,200 (15,400–33,100) juvenile
steelhead during the interval.
Steelhead redds have been counted in tributaries that enter
the Snake River in Asotin, Garfield and Whitman counties in the
southeastern corner of Washington. Asotin county tributaries include Couse Creek (6 redds counted in 2000, 0 in 2001, 3 in 2002),
Tenmile Creek (36 redds in 2000, 29 in 2001, 25 in 2002), Pintler
Creek (6 redds in 2000, 42 in 2001 and 30 in 2005) and Combs
Creek (2 redds in 2001, and 2 in 2002) (Mendel et al. 2001; 2004b;
2004c; 2006). Pintler, George and Combs creeks are tributaries of
Asotin Creek.
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Garfield County tributaries included Deadman Creek (9 redds
counted in 2001, 1 in 2002 and Meadow Creek (0 redds is 2001)
(Mendel et al. 2004b, 2004c). Whitman Counties tributaries included Alkali Flat Creek (0 redds counted in 2002 and 2003).
Almota Creek (24 redds counted in 2001, 14 in 2002), Penawawa
Creek (8 redds in 2002 and 17 in 2003), Wawawi Creek (1 in 2001,
0 in 2002, 1 in 2003), and Steptoe Creek (0 in 2001 and 2002)
(Mendel et al. 2004b, 2004c).
Escapement and total run size data are unavailable for the
Grande Ronde River. However, sport harvest data is available for
both hatchery and wild steelhead from 1986–2003. During the 19
year interval, sport harvest averaged (ranged) 2,542 (156–7,959) for
hatchery fish and 52 (0–168) for wild fish (Table 16.60).
In the 1985/1986 season, anglers expended 75,224 hours of effort to harvest 2,383 steelhead between the mouth at the Snake
River and Lower Granite Dam. Also in 1985/1986, 16,873 anglers
expended 67,250 hours to harvest 2,189 steelhead between Lower
Granite Dam and Clarkston, Washington, and 29,649 anglers expended 146,913 hours to harvest, 3,308 steelhead in the Snake River
between Clarkston Washington and the mouth of the Grande
Ronde River (Mendel et al. 1987). In the 1986/1987 season, 17,191 anglers expended 92,396 hours to harvest 2,625 steelhead in the Snake
River between Lower Granite Dam and Clarkston, Washington
and 38,404 anglers expended 163,102 hours to harvest 8,504 steelhead in the Snake River between Clarkston, Washington and the
mouth of the Grand Ronde River (Mendel et al. 1988). Also during
the 1986/1987 season steelhead harvest was about 200 in the Grand
Ronde River, 1,584 in the Walla Walla River, 291 in the Touchet
River (tributary of the Walla Walla River) 40 in Mill Creek (tributary of the Walla Walla River), and 206 in the Tucannon River.
Harvest of steelhead in southeastern Washington was estimated
in two ways. First , by punch cards turned in by anglers fishing in the
lower Snake River reservoirs, McNary Reservoir, Walla Walla River
(and its tributaries, the Touchet River and Mill Creek), Tucannon
River and Grande Ronde River. Punch card data were used in conjunction with coded wire tag sample rates to estimate harvest by tag code
for each fishery. Data obtained from each of the Lower Snake River
reservoirs from 1989 to 2000 are shown in Table 16.61. Mean (range)
in annual harvest rates was 376 (85–1,416) in the Snake River below
Ice Harbor Dam, 1,546 (896–2,718) in Ice harbor Reservoir, 2,933
(1,525–5,453) in Lower Monumental Reservoir, 1,126 (531–1,651) in
Little Goose Reservoir, 2,039 (799–4,391) in Lower Granite Reservoir
between Lower Granite Dam and Clarkston, Washington and 2,917
(1,405–4,458) in the Snake River above Clarkston Washington (Table
16.60). Data obtained from each of the Snake River tributaries from
1996 to 2007 are shown in Table 16.62 Mean (range) in annual harvest rates was 916 (290–1,759) in the Tucannon River, 11 (0–40) in
Asotin Creek (none after 2000 when WDFW banned harvest), and
4,404 (1,470–5,842) in the Grande Ronde River.
Harvest information was also obtained by conducting creel surveys on weekdays and weekend days to obtain information about angler pressure and total catch and harvest rates. These data were then
expanded to account for total catch and harvest on days, when creel
surveys were not conducted. This type of survey was conducted on
the Grande Ronde River by ODFW and WDFW. Over a 16 year interval
(1989/ 1990 to 2005/ 2006) an annual average of 3,404 angler fished
19,114 hours to catch 2,245 steelhead and harvest 1,616 steelhead in
the Grande Ronde River. It took an average of 5.7 hours to catch a
steelhead and 11.8 hours to harvest a steelhead. Steelhead fishing
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Table 16.59

Estimated juvenile (age 0 and 1) steelhead abundance in Asotin Creek. Numbers x 1000.
Year

Estimated juvenile (age 0 + 1) steelhead in:
Main stema

North forkb

South forkc

Charley Creek

1983¹

-

17.0

17.8

-

1984¹

-

7.8

16.8

-

1985¹

-

-

-

-

1986¹

-

26.2

-

-

1987¹

-

-

-

-

1988¹

-

-

-

-

1989¹

-

24.2

8.8

-

1990¹

-

-

-

-

1991¹

-

21.7

3.3

-

1992¹

-

43.2

10.4

-

1993¹

*

50.6

59.5

23.1

-

1994¹

49.0*

29.3

4.9

-

1995¹

42.0

19.1

3.7

-

1996¹

44.0

17.4

4.8

-

1997¹

*

29.8

47.5

13

-

1998²

51.5*

43.7

13.5

-

1999³

27.1

26.7

10.4

-

2000³

17.0

36.3

9.9

-

2001⁴

44.0

2002⁴

44.1*

2003⁵
2004⁶

*
*

*

*

*

*

*

*

31.8

*

19.6

21.1

20.1*

23.1*

30.2

123.9

54.8

55.2

33.1

111.1

57.1

24.2

26

*

*

2005⁷

110

29.3

14.6

15.4

Total

744.1

612.7

277.1

125.8

Average

57.2

32.3

15.4

25.2

5 yr total

433.1

193.1

136.7

125.8

5 yr average

86.6

38.6

27.3

25.2

8.0 km downstream from confluence and North and South Forks.
RKM 0.0–7.4
c
RKM 0.0–5.6
*
Estimated from graph
References: ¹Schuck et al. (1998); ²Martin et al. (2000); ³Baumgarner et al. (2002); ⁴Baumgarner et al. (2003); ⁵Baumgarner et al. (2004); ⁶Baumgarner
et al. (2006); ⁷Baumgarner et al. (2007).
a

b

has improved both in terms of angler trips and angler success during the most recent 5 years. During the first 11 years (1989/1990 to
1999/2000), an annual average of 2,841 anglers fished 15,569 hours to
catch 2,257 steelhead and harvest 1026 steelhead in the Grande Ronde
River. It took an average of 6.9 hours to catch a steelhead and 15.2
hours to harvest a steelhead. [Punch card data from the first 11 years

(1989/1990 to 1999/2000 indicated an average harvest of 1,991 fish in
the Grande Ronde or about double the harvest of 1,026 steelhead estimated by the creel survey method.] During the past 6 years 2000/2001
to 2005/2006 an average of 4,501 anglers fished 26,913 hours to catch
5,740 steelhead and harvest 2,590 steelhead. It took an average of 4.7
hours to catch a steelhead and 10.4 hours to harvest a steelhead.

A. T. Scholz
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Table 16.60

Sport harvest of hatchery and wild summer-run steelhead trout into the Grande Ronde River system, 1986–2003.
Sport Harvest

Table 16.61

Year

Hatchery

Wild

H+W

1986

156

44

200

1987

288

5

293

1988

511

4

515

1989

823

0

823

1990

653

0

653

1991

2,060

10

2,070

1992

1,458

49

1,507

1993

1,294

57

1,351

1994

939

28

967

1995

2,824

51

2,875

1996

3,322

33

3,355

1997

4,511

86

4,597

1998

1,440

30

1,470

1999

2,077

71

2,148

2000

5,755

70

5,825

2001

7,959

82

8,041

2002

5,194

168

5,362

2003

4,484

141

4,912

Average

2,542

52

2,609

Harvest estimates from punch card returns at the Lower Snake River reservoirs.
Below Ice
Harbor Dam

Ice Harbor
Reservoir

Lower Monumental
Reservoir

Little Goose
Reservoir

Lower Granite
Reservoir

Above
Clarkston

Total

89/90¹

216

896

1,804

1,086

7,939

-

4,002

90/91²

123

910

1,525

1,197

*

3,348

-

3,755

91/92³

805

1,847

2,107

1,206

6,071*

-

5,965

92/93⁴

521

1,944

2,659

1,004

4,291

3,473

13,892

93/94⁵

318

1,343

1,769

928

2,000

1,405

7,763

94/95⁶

236

1,240

2,371

601

1,365

1,823

7,636

95/96⁷

157

1,695

5,453

1,292

2,080

3,122

13,799

96/97⁸

85

2,045

4,937

822

797

3,328

12,014

97/98⁹

210

2,718

4,354

1,247

2,286

4,458

15,273

Year

*

98/99¹⁰

48

953

2,075

531

1,399

2,654

7,660

99/00¹⁰

1,416

1,416

9,183

1,651

2,085

3,074

18,825

Average

376

1,546

3,476

1,051

2,038

2,917

10,053

Includes lower Granite Dam to above Clarkston, Washington. Therefore, not included in calculating average.
References: ¹Schuck et al. (1991); ²Schuck et al. (1993a); ³Schuck et al. (1993b); ⁴Schuck et al. (1994); ⁵Schuck et al. (1995); ⁶Schuck et al. (1996);
⁷Schuck et al. (1997); ⁸Schuck et al. (1998); ⁹Martin et al. (2000); ¹⁰Baumgarner et al. (2002).
*
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Table 16.62

Harvest estimates from punchcard returns for the Tucannon, Touchet, Walla Walla, Grande Ronde rivers and McNary Pool
(89–96).

Year

Asotin Creek

Tucannon

Walla Walla

Touchet

Mill Creek

Grande Ronde

McNary

89/90¹

0

310

1687

503

-

823

986

90/91²

-

337

1468

334

34

653

1528

91/92³

1

320

489

380

-

2060

2757

92/93⁴

0

358

884

217

21

1507

7099

93/94⁵

0

358

884

217

13

1507

7099

94/95⁶

0

163

475

299

10

1154

4351

95/96⁷

18

580

1565

635

33

2862

1332

96/97⁸

-

842

1483

285

101

3368

27

97/98⁹

4

2065

1975

1947

68

4594

1380

98/99¹⁰

0

287

282

38

16

1306

1474

99/00¹⁰

6

1140

533

150

3

2073

1590

Average

3

615

1,066

455

33

1,992

2,693

References: ¹Schuck et al. (1991); ²Schuck et al. (1993); ³Schuck et al. (1993b); ⁴Schuck et al. (1994); ⁵Schuck et al. (1995); ⁶Schuck et al. (1996); ⁷Schuck
et al. (1997); ⁸Schuck et al. (1998); ⁹Martin et al. (2000); ¹⁰Baumgarner et al. (2002).
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Figure 16.28 Interior (redband) rainbow/steelhead trout distribution in eastern Washington.
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COASTAL RAINBOW TROUT/STEELHEAD TROUT

Oncorhynchus mykiss var. irideus (Walbaum, 1792)
Primary Identification

Confirming Characters

1.

Adipose fin present. Axillary process present at front
end of pelvic fins.

1.

Red stripe usually present along lateral line.

2.

Dark spots on light background.

2.

Basibranchial teeth on hyoid bone absent or weakly
developed.

3.

Anal fin with ≤12 rays.

3.

Lateral line scales 111–170; 111–143 (usually 125–127)

4.

Interior of mouth white.

4.

5.

Irregular-shaped, small to medium-sized spots
present on top of head and profuse over entire body,
above and below lateral line. Those on caudal fin
usually in well defined linear arrays. Note: spots may
be obscured by guanine deposits in individuals with
anadromous and adfluvial life histories, especially
those below the lateral line.

No cutthroat marks under jaw (Note: Interior redband variety sometimes has faint, cutthroat marks).

5.

Parr marks rounded, supplementary rows absent or
reduced (Parr marks may be obscured by a silver
guanine deposits in anadromous or adfluvial stocks.)

Figure 16.29

Coastal rainbow/steelhead trout, Lake Roosevelt, Ferry/Lincoln/Stevens counties, WA.

Similar Species
1.

Golden trout overlap almost completely in morphometric and meristic characters, especially with the
interior (redband) variety of rainbow trout, except
they have 170–210 (usually >200) lateral line scales
and they do not have spots on top of head. Also,
intensity of copper or gold color in golden trout not
matched by rainbow trout.

under jaws, and basibranchial teeth present on hyoid
bone. These teeth are always absent on coastal variety
and absent or weak on interior redband variety of
rainbow trout. Faint orange or yellow “cutthroat
marks” sometimes present in redband trout.
4.

Pacific salmon interior of mouth usually with some
black pigment whereas rainbow mouth is white.
Anal fin with >12 rays in Pacific salmon; <12 rays in
rainbow trout.

2.

Interior (redband) rainbow/steelhead trout have oval
parr marks with supplementary rows usually present.
Lateral line scales 120–170 (usually 135–160).

5.

3.

Cutthroat trout usually have more scales (120–230)
in lateral line row than rainbow. Coastal variety
cutthroat usually with 140–180 and interior varieties
(Westslope and Yellowstone) usually with 165–180.
Cutthroat trout usually have distinct cutthroat marks

Atlantic salmon and brown trout usually have at least
a few dark sports surrounded by light colored halos.
Some of spots x or + shaped. Rainbow has irregular
shaped spots not surrounded by a halo.

6.

Charr (brook, bull and lake trout) have light spots
on dark background whereas rainbow trout has dark
colored sports on light background.
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Etymology
Oncorhynchus: (G.) Onco- = hooked, -rhynchus = snout; hooked
snout. Refers to the kype that develops on jaws of males as a secondary sex character in males of this species.
mykiss: From mikizha or mykyz, the Kamchatkan native word for
rainbow trout.
irideus: (L.) like a rainbow.

waters in the mid-Columbia basin, it is a good bet if you catch a
rainbow in eastern Washington, that your fish was derived from a
coastal steelhead stock rather than a native redband stock.

Scientific Synonyms
Salmo mykiss original description.
Walbaum (1792: 59).

Salmo iridia (sp. nov.)
Gibbons (1855: 36).

Pronunciation

Salmo iridea (Gibbons)

Oncorhynchus - On-co-rhyn-chus (On-co-rhyn-kus)

Suckley (1874: 129).

mykiss - my-kiss

Salmo iridea

Girard (1856: 200; 1858:321); Stone (1883: 9, 12), Locke (1929: 187).

irideus - ir-id-ē-us

Salmo irideus (Gibbons)
Günther (1866: 119).

Common Name(s)
Rainbow trout (AFS name), steelhead trout, coastal rainbow or
steelhead trout.

Salmo beardsleei (sp. nov.)

Jordan and Seale (1896: 209).

Salmo beardsleei (Jordan and Seale)

Jordan, Evermann and Clark 1930: 57); Schultz (1929: 4); Schultz
and DeLacy (1935/1936: 373).

Systematic notes
Originally described as Salmo mykiss by Walbaum (1792: 59).
Later, the coastal variety was described as Salmo iridia by Gibbons
(1855: 36). Amended to Salmo irideus by Günther (1866). See the
systematic notes for interior (redband) rainbow/steelhead trout
for a complete vetting of the systematic notes on the subspecies
of rainbow trout (page 1224). Presently the coastal subspecies or
variety is called Oncorhynchus mykiss irideus or Oncorhynchus
mykiss var. irideus.
The majority of rainbow trout broodstocks used in the United
States today were derived from a single source: the McCloud River,
California, tributary of the Sacramento River, California (Needham
and Behnke 1962; Doller and Katz 1964; Busak and Gall 1980).
The eggs were predominantly (about 95%) from a coastal anadromous steelhead stock Oncorhynchus mykiss irideus that returns to
the McCloud River, and 5% resident redband trout Oncorhynchus
mykiss stonei that occupied the upper Sacramento River Basin. In
Washington State, the ancestors of the Spokane hatchery rainbow
trout broodstock were derived from such a mixture (Crawford 1979).
Eggs collected from coastal steelhead and inland redband trout in
the McCloud River were shipped to the state of Massachusetts in
1882. In 1942, 2.3 million eggs were shipped by the Cape Cod Trout
Company of Wareham, Massachusetts to the State Fish Hatchery in
Spokane, Washington. Although some artificial selection took place
[for fecundity, appearance, and spawn timing to convert these fish
from spring spawners to full spawners (Earnest 1956)] descendants
of these fish still form the core of the Spokane Hatchery brood stock
today (2011). Spokane rainbow trout are raised principally at Ford,
Sherman Creek and Spokane Hatchery. Additionally, in 1943, some
eggs were transferred to Goldendale Hatchery to be used as broodfish there. They were used until 1948 then discontinued. However,
the modern stock of Goldendale trout still probably contains a
small amount of genetic material from the Cape Code strain. Since
Spokane rainbows have been used to plant trout in waters of the
Columbia Basin, Palouse region, Okanogan region and northern
Washington and the Goldendale rainbow trout are distributed to

Salmo gairdneri beardsleei

Schultz and Hansen (1935: 12).

Salmo gairdneri

Kiel (1928: 114); Locke (!929: 180); Shapovalov and Dill
(1950: 395); Brown (1971: 55); McGinnis (1984: 121); Lans and
Egell (1986: 37); Goodson (1988: 130); Page and Burr (1991: 54).

Salmo gairdneri (Richardson, 1836)

Hart (1973: 128); Hubbs et al. (1979: 7).

Salmo gairdneri (Richardson)

Chute et al. (1947: 80); Koster (1957: 31); Troutman 1957: 188;
1981: 221); Bailey et al. (1960: 11; 1970: 17); Bailey and Allum
(1962: 32); Carl, Clemens and Lindsey (1959: 71; 1967: 71);
Shapovalov, Dill and Cordone (1959: 171); Paetz and Nelson
(1970: 100); Everhart and Seaman (1971: 301); Minckley (1973:
68); Scott and Crossman (1973: 184); Moyle (1976: 127); Wydoski
and Whitney (1979: 43); Lee et al. (1980:106); Robins et al. (1980:
19); Simpson and Wallace (1982: 64); Becker (1983: 298); Cooper
(1983: 64); Robinson and Buchanon (1984: 124); Sigler and
Sigler (1987: 119).

Oncorhynchus mykiss irideus
Behnke (1992: 193; 2002: 75).

Oncorhynchus mykiss

Tommelleri and Eberle (1990: 49).

Oncorhynchus mykiss (Richardson)
Wydoski and Whitney (2003: 73).

Oncorhynchus mykiss (Walbaum)

Sigler and Sigler (1996: 177); Moyle (2002: 171); Nelson and
Paetz (1992: 73).

Oncorhynchus mykiss irideus (Walbaum, 1792)

A. T. Scholz
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Scholz and McLellan (2009: 187; 2010: 439).

Roosevelt (n = 4,713,091), Lake Ellen (n = 1,140,028),
and the Sanpoil River and its North and West Forks
(n = 1,011,295 in aggregate).

Distribution and Stock Status
From 1905–1923 and 1933–2007, the Washington Department
of Fish and Wildlife has stocked 557,244,690 rainbow trout (Table
16.63) and 94,374,776 steelhead into eastern Washington counties.
Most of the rainbow were coastal rainbow and most of the steelhead were interior (redband) steelhead. These plants include:
1.

Adams County: a total of 6,366,974 rainbow were
planted at 40 locations and 1,091,569 steelhead
were planted at 2 locations. Sprague Lake received
2,230,407 rainbow and 1,043,009 steelhead.

2.

Asotin County: A total of 2,409,881 rainbow were
planted at 18 locations and 6,949,987 steelhead
planted at 6 locations. Asotin Creek received 1,169,618
rainbows and 754,400 steelhead. The Grande Ronde
River received 4,998 rainbow and 5,747,130 steelhead.

3.

Benton County: A total of 4,500 rainbow and no
steelhead were planted at one location, the Yakima
River.

4.

Chelan County: A total of 43,857,988 rainbow were
planted at 221 locations and 15,838,001 steelhead
were planted at 25 locations. Lake Chelan received
13,343,454 rainbow and 15,990 steelhead. The
Wenatchee River/Lake received 1,721,048 rainbow
and 6,538,883 steelhead. Other locations receiving
plants of more than 10 million rainbow included
Entiat River, Fish Lake, Icicle Creek, Nason Creek,
Roses Lake, and Wapato Lake. Other locations
receiving plants of more than 1.0 million steelhead,
included: Chiwawa River, Columbia River, Entiat
River, Icicle Creek, and Nason Creek.

5.

Columbia County: A total of 8,774,624 rainbow were
planted at 48 locations and 9,847,737 steelhead were
planted at 15 locations. The Tucannon River received
2,496,517 rainbow and 4,304,197 steelheads. The
Touchet River mainstem and its North Fork, South
Fork, and Wolf Fork received, in aggregate, 1,747,334
rainbow and 3,914,373 steelhead.

6.

Douglas County: A total of 16,228,814 rainbow
were planted at 36 locations and 541,300 steelhead
were planted at 4 locations. The Columbia River
received most of the steelhead plants (n = 534,740).
Jameson Lake received most of the rainbow plants
(n = 13,905,086). Rufus Woods Reservoir received
1,074,853 rainbow trout.

7.
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Ferry County: A total of 43,836,473 rainbow were
planted at 66 locations and 150,414 steelhead were
planted at 4 locations. Most of the steelhead were
planted in the Sanpoil River (n = 105,414). Most of the
rainbow were planted in North and South Twin Lake
(n = 20,770,729), Curlew Lake (n = 9,988,946), Lake

8.

Franklin County: A total of 3,182,802 rainbow were
planted at 27 locations and 7,158,867 steelhead were
planted at 9 locations. Most of the steelhead were
planted in the Columbia (n = 4,904,254) or Snake
(n = 1,086,284) rivers. Most of the rainbow were
stocked in Kahlotus Lake (n = 1,756,967).

9.

Garfield County: A total of 1,457,732 rainbow trout
were planted at 23 locations and 92,012 steelhead
were planted at one location (Snake River). Alpowa
(n = 233,345) and Pataha (n = 287,149) creeks received
the most rainbow trout.

10. Grant County: A total of 87,747,936 rainbow trout
were planted at 219 locations and 3,912,232 steelhead
trout were planted at 10 locations. Most steelhead
were planted in the Columbia River (n = 2,440,885),
Moses Lake (n = 563,193) and Lower Crab Creek
(n = 478,231). Locations receiving at least 1 million rainbow included: Alkali Lake (n = 2,349,785),
Banks Lake (n = 8,939,605), Billy Clapp Lake
(n = 1,806,796), Blue Lake (n = 13,386,756), Burke
Lake (n = 1,609,444), Canal Lake (n = 1,966,732),
Correll Lake (n = 1,912,053), Deep Lake
(n = 2,124,236), Dry Falls Lake (n = 1,061,545),
Goose Lake (n = 1,915,609), Hampton Lakes
(n = 1,764,330), Moses Lake (n = 5,914,045), Park Lake
(n = 9,733,571), Potholes Reservoir (n = 6,956,183),
Quincy Lake (n = 1,815,977), Teal Lake (n = 1,094,873),
Warden Lake (n = 4,314,578), and Windmill Lakes
(n = 1,546,436).
11.

Kittitas County: A total of 20,349,929 rainbow were
planted at 181 locations and 1,620,357 steelhead
were planted at 12 locations. Most steelhead were
planted in the Yakima (n = 1,340,852) and Cle Elum
(n = 111,015) rivers. Locations receiving plants of
more than 1 million rainbow included: Cle Elum
River (n = 1,500,399), Fio Rito Lakes (n = 1,149,260),
Teanaway River and it’s North, Middle and West
Forks (n = 1,216,716 in aggregate), and Yakima River
(n = 3,535,075). Other locations receiving relatively
large numbers of rainbow trout included: Cle Elum
Lake (n = 513,681), Cooper Lake (n = 665,096),
Hansen Lake (n = 538,297), Kachess Lake
(n = 720,327), Keechelus Lake (n = 994,556), Lake
Easton (n = 808,382) and Waptus Lake (n = 582,222).

12. Klickitat County: A total of 14,143,748 rainbow were
planted at 145 locations and 5,915,509 steelhead were
stocked at 7 locations. Most of the steelhead were
stocked either into the Klickitat (n = 4,842,698) or
White Salmon (n = 1,637,861) rivers. Locations that
received plants totaling at least 1 million rainbow
trout included Horsethief Lake (n = 2,037,084),
Klickitat and Little Klickitat Rivers (n = 1,637,861)
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Table 16.63

Summary of rainbow stocked by county in eastern Washington, 1905–1923 and 1933–2007. Data from WDFW fish stocking
database. Counties and water bodies within counties arranged in alphabetical order. Numbers are totals of fish stocked in
all years for which there were records. (Page 1 of 53.)

County

Release Site

Years

Total

Adams

Basalt Lake

57–58

4,184

Adams

Beehive Ponds

77–79

1,970

Adams

Big Black Lake (Upper)

51–52, 55–58

108,130

Adams

Campbell Lake

54–59, 70–74, 76

463,313

Adams

Clints Lake

57

Adams

Cow Creek

14–19, 22, 36, 39–44, 46, 49, 51, 57–58, 70–74, 77–78, 80–81, 86–88, 91–93

509,560

Adams

Cow Lake

51, 95–97

115,184

Adams

Deadman Lake

74

3,000

Adams

Escure Lake

50

7,500

Adams

Finnel Lake

78, 86–88

Adams

Fio Rito North

85

Adams

Fio Rito South

85

Adams

Fourth Of July Lake

60–60, 65, 68–68

237,800

Adams

Halfmoon Lake

55–72, 74–77, 79–84, 98–04

253,000

Adams

Hallin Lake

86, 88, 92

Adams

Harder Springs

14, 46

17,000

Adams

Hays Creek

62, 74, 77, 80–84

10,553

Adams

Herman Lake

54–58, 60–62, 64, 76–80, 82–87, 90–98, 00–07

570,067

Adams

Hutchinson Shiner Lakes

55–56, 59–60, 62–64, 98–00

298,941

Adams

Little Black Lake (Lower)

51–52, 55–56, 58

48,505

Adams

Long Lake

54

10,000

Adams

Lost Lake

47–51, 55–61

62,839

Adams

Lower Cow Creek

20–21

60,000

Adams

Lower Crab Creek

59–60

6,460

Adams

Lower Thread Lake

70

7,996

Adams

Lyle Lake

56–58, 61–67, 70, 75–80, 82–87, 90–07

163,514

Adams

McMannaman Lake

54–69, 71–74, 76–77, 79–84, 98–06

211,103

Adams

Morgan Lake

55–72, 74–77, 79–84, 98–04

282,321

Adams

Owl Lake

55–62

Adams

Oxbow Ponds

79

Adams

Pines Lake

51–52

23,200

Adams

Quail Lake

58–62, 64–67, 74, 83–84, 86, 90–95, 01–07

68,023

Adams

Rock Creek

52–54, 58

28,015

Adams

Royal Lake

58–59

30,040

Adams

Royal Ponds

73

Adams

Sprague Lake

77, 86–06

Adams

Teal Lake ( South)

94

10,000

Adams

Thread Lake

70, 75–77, 82–83, 87, 92, 94–97

51,005

Adams

Wall Lake

47–48, 50–51, 53–63, 65–68, 70–71, 74–75, 78–82

Adams

Weaver Springs

51

5,045

16,062
6,250
4,000

8,257

66,785
506

5,340
2,230,407

352,091
8,000

Table 16.63 continued on next page.
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Table 16.63 continued

Summary of rainbow stocked by county in eastern Washington, 1905–1923 and 1933–2007. (Page 2 of 53.)

County

Release Site

Years

Total

Adams

Worth Lake

78

1,008

Adams

Subtotal:

Asotin

Alpowa Creek

16, 19–20, 70, 72–76, 78–79, 84–90, 92, 94–97

Asotin

Asotin Creek

35–80, 84–90, 92–99

Asotin

Asotin Creek (North Fork)

84

Asotin

Charley Lake (Lower)

49–64

71,871

Asotin

Charlie Fork

41, 49, 51

21,922

Asotin

Evans Pond

89–90

Asotin

Evans West

84–90, 92–94

39,116

Asotin

George Creek

17

20,960

Asotin

Golf Course Pond

77–81, 84–07

Asotin

Grand Ronde River

41

Asotin

Headgate Park Pond

73–81, 84–90, 92–07

74,097

Asotin

Joseph Creek

39–41

32,335

Asotin

Pintler Creek

66

Asotin

Silcott Pond

84–07

Asotin

Ten Mile Creek

66

1,181

Asotin

Tributary Of Snake River

53

1,400

Asotin

Wenatchee Creek

39–40, 42, 45–48

133,224

Asotin

West Evans Pond

76, 89, 91, 95–07

336,899

Asotin

Subtotal:

Benton

Yakima River

Benton

Subtotal:

Chelan

Agren Creek

39–40

Chelan

Airplane Lake

92

448

Chelan

Alder Creek

43

10,000

Chelan

Alice

92

Chelan

Alkali Creek

42–43, 45

Chelan

Anthony Creek

34

Chelan

Antilon Lake

40–44, 46–47, 49–52, 54–59, 62–63

Chelan

Antoine Creek

47, 51

Chelan

Ardenvoir Juvenile Pond

53

2,496

Chelan

Ardenvoir Mill Pond

50–51

4,355

Chelan

Augusta

40

9,800

Chelan

Battalion

85, 90

Chelan

Bear Creek

39–40, 68

Chelan

Beehive Reservoir

68–86, 89–07

398,512

Chelan

Bernice Lake

86, 89, 93, 97

1,735

Chelan

Big Creek

39–40

7,695

6,366,974

88,510
1,169,618
4,284

2,420

334,422
4,998

1,196
71,428

2,409,881

-

4,500
4,500

9,824

240
34,500
2,500
325,807
10,120

765
9,815

Table 16.63 continued on next page.
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Table 16.63 continued

Summary of rainbow stocked by county in eastern Washington, 1905–1923 and 1933–2007. (Page 3 of 53.)

County

Release Site

Years

Total

Chelan

Big Jim Lakes

89, 94, 97–98

1,968

Chelan

Black Lake

43–44, 47–55, 03–07

Chelan

Blue

41

Chelan

Boiling Creek

39, 44

Chelan

Boulder Creek

39

Chelan

Bowman Lake

02

162

Chelan

Brender Creek

39

5,000

Chelan

Brenigan Creek

21

12,500

Chelan

Bridge Creek

39

4,862

Chelan

Buck Creek

37, 39–40, 44, 48

47,430

Chelan

Cady Creek

37, 39, 40–42

37,940

Chelan

Canal Creek

40

500

Chelan

Canyon Creek

38

20,000

Chelan

Caroline Lake

40, 47, 88, 90, 94, 05

22,697

Chelan

Cashmere Pond

48–55, 60–66, 91, 93–95

50,114

Chelan

Charles Lake

88

650

Chelan

Chelan Golf Course Pond

81

520

Chelan

Chiwaukum River

21

15,000

Chelan

Chickamin Creek

35–37, 39–40, 46

62,895

Chelan

Chiwaukum Creek

33–34, 37, 40–41, 43, 46–48, 58

Chelan

Chiwaukum River (South Fork)

34, 41, 43

Chelan

Chiwawa River

34–35, 37–44, 47–55, 58, 60–61, 63–90, 92

Chelan

Choral Creek

34

Chelan

Chumstick Creek

33, 43, 45, 49, 58, 60

38,927

Chelan

Clear Creek

38

35,000

Chelan

Clear Lake

40, 44, 47–66, 68–86, 89–07

393,186

Chelan

Colchuck Lake

36, 39–40, 42, 53–54, 58, 63, 68

102,559

Chelan

Colockum Creek

40, 45, 72

Chelan

Columbia River

71–72, 74, 76, 77–78

Chelan

Company Creek

39

9,986

Chelan

Coney Lake

91

700

Chelan

Coon Lake

21, 39

6,989

Chelan

Corral Creek

39

4,679

Chelan

Cougar Creek

40–41

27,950

Chelan

Cradle Lake

42

14,850

Chelan

Crescent Lake

90, 95, 01

Chelan

Cuitin ???? Lake or Creek

41

8,075

Chelan

Deep Creek

36

1,000

Chelan

Dirtyface Lake

83

150

Chelan

Dompke Lake

33, 37–38, 41, 52, 57–58, 62, 73

Chelan

Donald Lake

40, 84, 88

Chelan

Doubtful Lake

92

294,316
9,925
27,927
3,994

238,288
38,975
875,093
2,500

13,662
197,251

400

255,292
9,700
910

Table 16.63 continued on next page.
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Table 16.63 continued

Summary of rainbow stocked by county in eastern Washington, 1905–1923 and 1933–2007. (Page 4 of 53.)

County

Release Site

Years

Total

Chelan

Dow Juvenile Pond

51

Chelan

Dry Lake

80

Chelan

Dumpka Lake

13–14

Chelan

Dumpky Creek

38

6,666

Chelan

Eagle Creek

45, 49

9,980

Chelan

Eight Mile Lake

33, 37, 39–42, 44, 46–47, 53–54, 90, 03, 05

297,597

Chelan

Emerald Park Creek

21, 33–36, 39–40

336,855

Chelan

Enchantment Lakes

94, 01–03, 07

Chelan

Engels Creek

42

Chelan

Entiat River

16, 21–22, 33–84, 86–96

2,034,947

Chelan

Entiat River (North Fork)

33–34, 38, 40, 43–44, 48

127,114

Chelan

Ethel Lake

39, 50, 54, 88, 92

Chelan

Farm Ponds

78

2,800

Chelan

Fern Lake

48

13,900

Chelan

First Creek

37, 39, 42, 47–48, 50–51, 65–67, 70–72

78,097

Chelan

Fish Creek

37, 39, 41–42

27,935

Chelan

Fish Lake

64–66, 68–75, 77–07

Chelan

Flora Lake

39, 44

Chelan

Florence Lake (Upper)

88, 92, 95, 98, 01

Chelan

French Creek

37–41, 47

Chelan

French Potholes

91

Chelan

Gate Creek

43

5,000

Chelan

Gill Creek

43

24,000

Chelan

Glacier Creek

40

14,650

Chelan

Glory Lake

88, 96

Chelan

Golf Course Pond

89, 95–98, 01, 05–07

3,771

Chelan

Grade Creek

39

2,000

Chelan

Graham Harbor Creek

39

2,000

Chelan

Granite Mountain Potholes

57, 77, 83, 87, 91, 94, 99, 04

3,044

Chelan

Green Lake

46–48

6,794

Chelan

Hatchery Creek

05

Chelan

Hatchery Outlet

74–75, 77

23,424

Chelan

Heather Lake

36, 40

34,955

Chelan

Hidden Lake

39, 42–43

36,375

Chelan

Holden Lake

44, 47, 49, 52, 77, 79

79,859

Chelan

Hope Lake

33

Chelan

Horseshoe Lake

41, 67, 87, 91, 95

Chelan

Icicle Creek

16

Chelan

Icicle River

13, 33–93

Chelan

Ida Lake

34

Chelan

Index Creek

39–40

Chelan

Indian Creek

36–37, 39–48

440
999
84,577

4,712
28,000

33,269

6,333,014
18,014
890
87,630
300

200

300

5,000
29,983
47,476
1,639,425
5,000
19,725
268,905
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Table 16.63 continued

Summary of rainbow stocked by county in eastern Washington, 1905–1923 and 1933–2007. (Page 5 of 53.)

County

Release Site

Years

Total

Chelan

Ingalls Creek

21, 33–34, 36–40, 43, 46, 48, 50, 54, 87, 91

Chelan

Ingalls Lake

95, 03

Chelan

Jack Creek

34, 36, 39–42, 44, 47

Chelan

Josephine

40–41, 83

Chelan

Jove Lake

89, 94, 99, 04,

Chelan

Jungfrau Lake

86, 93

Chelan

Klonaqua

40

Chelan

Klonaqua (Little)

89, 94

730

Chelan

Knox

93

230

Chelan

Lake Alice

95–96

Chelan

Lake Chelan

13, 37–49, 51–54, 56–85, 90–04, 67–07

Chelan

Lake Creek

21, 33, 37–38, 40–41, 47

Chelan

Lake Donald

05

765

Chelan

Lake Ethel

05

945

Chelan

Lake Sally Ann

97

240

Chelan

Lake Susan Jane

98, 01

170

Chelan

Lanham Lake

88

600

Chelan

Larch Creek

34–35, 41

12,500

Chelan

Larch Lakes (Upper&Lower)

-

22,620

Chelan

Lee Creek

44

Chelan

Leland Creek

37–40

Chelan

Lichtenwasser Lake

50, 54

Chelan

Lilly Lake

48–54, 56–66, 68–86, 89–07

Chelan

Little Wenatchee River

36–55, 57–58, 60–61, 63–64, 66–84, 86–94, 95–96,

Chelan

Lois Lake

40

Chelan

Lost LAke

92, 94

160

Chelan

Lower Robin

77

400

Chelan

M&M Lake

81, 86, 91, 96, 98, 01, 06,

860

Chelan

Mad River

37–41, 43–44, 47–53, 55–58, 60–70, 72–84, 86–93

Chelan

Margaret

47

Chelan

Mary

56, 87

Chelan

Massie Lake

50, 58, 68

18,950

Chelan

Mason Creek

16

20,000

Chelan

McAlester Lake

42

Chelan

Meadow Creek

40–42, 65, 67–69

Chelan

Meadow Lake

79

Chelan

Mill Creek

34, 48

21,075

Chelan

Minnow Creek

34–35, 37

41,000

Chelan

Minotaur Lake

85, 90, 94

5,610

Chelan

Mission Creek

38–40, 56–61, 68, 82–84, 86–93

Chelan

Mitchell

93

16

Chelan

Mountaineer

37

5,000

171,378
1,336
176,724
26,050
300
250
9,926

480
13,343,454
82,610

2,000
22,690
26,450
484,849
84,261
9,700

372,682
15,000
3,038

5,940
47,129
2,646

49,098
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Table 16.63 continued

Summary of rainbow stocked by county in eastern Washington, 1905–1923 and 1933–2007. (Page 6 of 53.)

County

Release Site

Years

Total

Chelan

MR-11 Lake

02, 03, 07

Chelan

Mud Lake

50, 71

8,900

Chelan

Muddy Creek

40, 42

10,991

Chelan

Naiad Lake

66

215

Chelan

Name Unknown

47

1,300

Chelan

Nason Creek

21, 38–84, 86–93

Chelan

Nason Creek Pond

76–79

Chelan

Negro Creek

33, 38, 43, 44, 47

62,000

Chelan

Panther Creek

37, 42, 45–46

41,074

Chelan

Peshastin Creek

21, 39–45, 47–84, 86–93

Chelan

Phelps Creek

34, 36, 39–40

Chelan

Phoebe Lake (Upper)

93

45

Chelan

Phoebe Lake (Lower)

93

50

Chelan

Poe Mountain Lake (Chel)

97

Chelan

Pope Creek

33, 38

Chelan

Potato Creek

42

Chelan

Prince Creek

39–40

26,706

Chelan

Pyramid Creek

38–39

8,056

Chelan

Quartz Lake

45

Chelan

Railroad Creek

21, 39, 42, 47

Chelan

Railroad Pond

03–05

Chelan

Rainbow Creek

42

Chelan

Rainbow Lake

17, 03

Chelan

Rainbow Upper

88

Chelan

Rainy Creek

37, 39–41

Chelan

Rettebdel Lake

-

Chelan

Roaring Creek

42

Chelan

Rock Creek

34–37, 39–40, 44, 46, 48

Chelan

Rock Island Pond

77

Chelan

Rock Island Slough

62, 74

5,547

Chelan

Roses Lake

41–07

2,536,235

Chelan

Ruth Lake

65, 70, 82

Chelan

Safety Harbor Creek

39–40

Chelan

Sand Creek

48

Chelan

Scotty Creek

38, 41–43

89,000

Chelan

Shaser Creek

43

44,992

Chelan

Silver Creek

21, 33, 38

37,575

Chelan

Skyline Lake

39

Chelan

Snow Brushy Creek

35, 47

Chelan

Spirit Lake

85, 91, 97, 03

Chelan

Sprite Lake

37, 52, 81, 87, 92, 02

10,197

Chelan

Square Lake

35, 38–41, 79

52,666

445

1,078,745
5,647

404,617
50,931

120
14,075
5,000

0
79,154
1,845
5,940
57,192
435
45,365
25
21,991
112,180
3,142

400
14,936
3,596

4,775
48,950
588
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Table 16.63 continued

Summary of rainbow stocked by county in eastern Washington, 1905–1923 and 1933–2007. (Page 7 of 53.)

County

Release Site

Years

Total

Chelan

Squaw Lake

03

Chelan

Squillchuck Creek

48–49, 51–53, 55–56, 65–72

Chelan

Stehekin River

39

5,993

Chelan

Stemilt Creek

48–49, 51–53

3,837

Chelan

Stemilt Reservoir

70

1,500

Chelan

Stephans

65

1,436

Chelan

Stevens Creek

34

13,000

Chelan

Stiletto Lake

95

372

Chelan

Summit Lake

99

500

Chelan

Susan Jane Lake

40–41, 83, 87, 90, 93

Chelan

Swallow Lakes

88–89, 95, 01, 07

Chelan

Swedes Lake

81, 00

Chelan

Swimming Deer Lake

97, 83, 86, 89, 91, 95, 99, 01, 03, 05

1,729

Chelan

Tarpiscan Creek

72

1,360

Chelan

Thompson Lake

77

3,500

Chelan

Three Lake

48–56

Chelan

Thunder Mountain Lakes

81, 89–90, 95, 01, 05

1,175

Chelan

Tommy Creek

39

3,053

Chelan

Top Lake

41, 88, 93, 03

6,966

Chelan

Tronsen Creek

38, 41–43, 45, 47

111,481

Chelan

Trout Creek

34, 36–37, 39–42, 45–46, 81, 87, 92

167,269

Chelan

Twenty Five Mile Creek

36–37, 39–40, 42, 62, 67, 69, 77–78

373,147

Chelan

Twenty Five Mile Creek (East Fork)

40, 47, 50–52, 54–56, 59

Chelan

Twin Creek

43

2,000

Chelan

Twin Lakes

95, 07

3,680

Chelan

Two Little Lakes

40

4,988

Chelan

Unnamed

83–85, 88–91, 93, 97–99, 03–04, 06

4,577

Chelan

Valhalla

46, 83

Chelan

Victoria

40

Chelan

Wapato Lake

42–55, 57–07

Chelan

Wells Pond

70–81, 85

Chelan

Wenatchee

36–43, 46–48, 53, 58, 65, 68, 80–84, 86–91

Chelan

Wenatchee Juvenile Pond

61–62

Chelan

Wenatchee River

40–49, 58–81

Chelan

Wheeler Hill Reservoir

43–44, 47

36,550

Chelan

White Pine Creek

36, 39, 41–42, 48

60,530

Chelan

White River

34–36, 38–61, 65–84, 86–93

Chelan

Wildhorse Creek

39

Chelan

Wolverine

40–41, 46, 79

Chelan

Subtotal

Columbia

Armstrong Lake

900
19,005

10,160
4,947
388

210,773

66,221

21,664
4,700
4,573,998
97,244
757,380
6,167
963,668

807,337
1,800
29,732
43,857,988

49–51, 55–61

4,509
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Table 16.63 continued

Summary of rainbow stocked by county in eastern Washington, 1905–1923 and 1933–2007. (Page 8 of 53.)

County

Release Site

Years

Total

Columbia

Baldings Pond

52

Columbia

Beaver Lake

48–81, 84–88, 92–94, 97–07

Columbia

Big

82

Columbia

Big Four Lake

54–64, 66–81, 91, 95, 98–07

129,266

Columbia

Blue Lake

49–81, 84–96, 98–07

606,713

Columbia

Burnt Fork

49

Columbia

Butte Creek

37, 40–41, 46–48

Columbia

Buttolph Creek

48

Columbia

Coats Creek

41, 45

22,199

Columbia

Coates Creek

16

16,000

Columbia

Coppei Creek

95–97

Columbia

Crooked Fork Creek

48

12,570

Columbia

Cummings Creek

41, 44–45, 47–48, 63

61,539

Columbia

Curl Lake

49–77, 79–81, 85–90, 92–93, 98–07

Columbia

Dam Pond

11

45,750

Columbia

Dayton Pond

51–67, 69–70, 72, 75–81, 84–94, 00–07

75,526

Columbia

Deadman Creek

82

2,052

Columbia

Deer Lake

34

326,579

Columbia

Donnie Lake

98–07

Columbia

Farm Ponds

52

Columbia

Four Big Lake

84–94

Columbia

Griffin Fork

49

Columbia

Jim Creek

16, 40, 45, 49

Columbia

Lewis Creek

16, 39–41, 45, 47–49

Columbia

Lyons Ferry Lake

69

1,500

Columbia

Marmes Pond

88

1,100

Columbia

New Lake

52–53

5,542

Columbia

Orchard Pond

70–72, 74–75, 84–07

Columbia

Palouse Pond

75

Columbia

Pataha Creek

36

Columbia

Patit Creek

44–45, 47–49

Columbia

Patrick Pond

52

200

Columbia

Quarry Pond

86

11,250

Columbia

Rainbow Creek

46–48, 71

Columbia

Rainbow Lake

51–81, 85–96, 97–07

Columbia

Smith Pond

61

200

Columbia

Spangler Creek

16

11,700

Columbia

Spring Lake

52–66, 69–70, 79–81, 84–07

Columbia

Thronsons Pond

52

Columbia

Touchet River

22, 35–47, 53–57, 59, 61–63, 72–74, 76–78, 81, 84–87, 92–94, 98–00

Columbia

Touchet River (North Fork)

19, 21–22, 39–41, 44–46, 48–66, 68–71, 73, 75, 79–80

409,697

Columbia

Touchet River (South Fork)

21–22, 40–41, 44–46, 49–71, 75–76, 78–81, 85

275,396

300
142,320
380

9,433
148,733
9,098

3,500

316,330

5,747
768
36,614
3,537
59,269
105,191

42,866
1,700
3,000
48,734

30,168
781,368

640,606
268
1,019,538
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Table 16.63 continued

Summary of rainbow stocked by county in eastern Washington, 1905–1923 and 1933–2007. (Page 9 of 53.)

County

Release Site

Years

Total

Columbia

Touchet River (Wolf Fork)

21–22, 39–41, 44, 47–57, 62–64, 66, 69–71

Columbia

Touchet River (branches)

18

26,965

Columbia

Two Canyon Creek

17

29,440

Columbia

Unspecified Locations

1909

10,000

Columbia

Tucannon River

33–82, 84–90, 92–99

2,496,517

Columbia

Watson Lake

54–81, 84–94, 97–07

435,182

Columbia

Wenaha River

49

10,410

Columbia

Whiskey Creek

45

570

Columbia

Whitney Lake

16, 41, 47

Columbia

Wolfe Creek

58–61

Columbia

Subtotal

Douglas

Barker Canyon Lake

53

Douglas

Beaver Creek

17, 53

Douglas

Beaver Ponds

78

Douglas

Big Bow Pond

95–07

Douglas

Brant Lake

61

5,100

Douglas

Clear Lake

01

2,560

Douglas

Corbley Pond

49, 51

3,017

Douglas

Douglas County Pothole

77

Douglas

Douglas Creek

18, 21–22, 33–35, 39–44, 47–48, 50–56, 58–63, 69

Douglas

Duffy Creek

40, 44, 49

Douglas

Dyer Lake

55

2,250

Douglas

Fitzgerald Creek

49–50, 52

7,870

Douglas

Foster Creek

40

499

Douglas

Gravel Pit

86

7,115

Douglas

Haines Lake

49

8,750

Douglas

Hammond Pond

95–07

Douglas

Jameson Lake

50–79, 81–07

Douglas

McCarthy Creek

39–41, 46–53, 55

Douglas

McCue Creek

40

2,995

Douglas

Mineral Lake

51

14,000

Douglas

No Name Lake

53

440

Douglas

Paine Creek

44

Douglas

Pine Canyon Creek

40, 44

15,999

Douglas

Pine Creek

41, 43, 50, 51

20,203

Douglas

Pit Lake

02–07

Douglas

Pumphouse Pond

90, 92–01

15,540

Douglas

Putters Pond

95–07

64,104

Douglas

Rattlesnake Spring

40, 50

1,502

Douglas

Rock Island Creek

19, 39–40, 44–45, 47–50, 52, 59–60, 72–73, 75–76, 78–79

158,453

Douglas

Rock Island Ponds

79–83, 85–87, 90–94, 97

181,468

281,603

38,909
16,272
8,774,624

1,000
16,224
504
60,985

564
439,528
13,536

64,083
13,905,086
70,244

9,991

7,940
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Table 16.63 continued

Summary of rainbow stocked by county in eastern Washington, 1905–1923 and 1933–2007. (Page 10 of 53.)

County

Release Site

Years

Total

Douglas

Rock Island Quarry

85

Douglas

Rufus Wood Reservoir

84–85, 87–92, 01–07

Douglas

Rund Creek

43–44

Douglas

Smith Lake

53

4,935

Douglas

Stevenson Lake

79, 81–82

5,701

Douglas

Wells Pond

86

Douglas

Subtotal

Ferry

Bacon Creek

56

6,000

Ferry

Bad Lake

51

5,000

Ferry

Bailey Lake

96

440

Ferry

Barnaby Creek

51

10,680

Ferry

Big Boulder Creek

96, 98

Ferry

Bourgeau Lake

50, 89

Ferry

Boulder Creek

21, 35–37, 40–45, 47–48, 92–94

Ferry

Boulder Creek (North Fork)

93

3,175

Ferry

Bridge Creek

37

6,000

Ferry

Buffalo Lake

87–89

Ferry

Butte Lake

93

Ferry

Copper Lakes

37, 42–43

Ferry

Crown Creek

90

Ferry

Curlew Creek

39–40, 42–45, 47–48, 64

Ferry

Curlew Lake

33, 35–39, 43, 45–49, 51–66, 68–07

Ferry

Davis Lake

36, 38, 43, 52–53, 96

Ferry

Deadman Creek

36–37, 40–48, 55

Ferry

Deer Creek

42–43, 45, 92

80,730

Ferry

Empire Lake

42–43, 45, 47, 51–52

51,811

Ferry

Ferry Lake

19, 35, 37, 39–40, 42–43, 46–49, 51–57, 59–07

858,006

Ferry

Fish Lake

13, 36–37, 39–40, 42–44, 46–47, 51, 57, 63–07

183,190

Ferry

Ghost Lake

38

Ferry

Granite Creek

42–47

Ferry

Hall Creek

35, 37, 39

Ferry

Hall Creek (North Fork)

50

Ferry

Hasler Lake

44, 47

Ferry

Horseshoe Lake

53

5,250

Ferry

Jim Creek

50

2,990

Ferry

Kettle River

39, 43–44, 46, 48–49, 51, 92–94, 96, 98, 00–01, 03

Ferry

Lefleur Lake

52

Ferry

Lake Ellen

46–47, 49–50, 52–62, 64–88, 92–06

1,361,947

Ferry

Lake Roosevelt

95–07

4,713,091

Ferry

Lambert Creek

42–45, 47

Ferry

Lefleur Creek

58

10,790
1,074,853
29,986

999
16,228,814

2,011
9,530
281,466

70,158
2,016
24,682
120
243,431
9,988,946
56,631
261,809

8,000
101,257
17,997
2,980
12,383

449,795
15,400

43,943
1,470
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Table 16.63 continued

Summary of rainbow stocked by county in eastern Washington, 1905–1923 and 1933–2007. (Page 11 of 53.)

County

Release Site

Years

Total

Ferry

Little Boulder Creek

96

1,000

Ferry

Long Alice Creek

35, 43–45, 47–48, 53

68,304

Ferry

Long Lake

18–19, 36, 37, 96

46,028

Ferry

Malo Lake

41–42, 46

15,022

Ferry

Matsen Creek

94

Ferry

Mud Lake

35–37, 39, 43–49, 51–56, 58, 64–82

Ferry

Mudgett Lake

86

22,140

Ferry

Myers Creek

34

25,000

Ferry

Nancy Creek

21, 45, 57

17,532

Ferry

Nine Mile Creek

39, 45, 47, 55

Ferry

O'Brien Creek

16, 35, 37, 40, 42–43, 45–47

Ferry

Renner

47

Ferry

Round Lake

39–41, 43–55, 62, 87–89

359,402

Ferry

Sanpoil River

20, 34–40, 42–49, 51–54, 56, 58–59, 61

798,406

Ferry

Sanpoil River (North Fork)

42–47

137,837

Ferry

Sanpoil River (West Fork)

39, 44–45, 47–48, 55

85,102

Ferry

Sands Lake

14

10,000

Ferry

Scatter Creek

42–43, 47–48

44,931

Ferry

Sheep

90

Ferry

Sherman Creek

35–37, 39–48, 51, 56

Ferry

Sherwood Creek

19

Ferry

Simpson Lake

50, 52–55

59,710

Ferry

St. Peters

42–45, 47

39,283

Ferry

Sugar Lake

50–51

19,980

Ferry

Summit Lake

52–53

6,788

Ferry

Swan Lake

18–19, 34, 37, 39–44, 50–52, 94–96, 98–07

511,405

Ferry

Toroda Creek

39–40, 42–47, 96

156,913

Ferry

Trout Creek

34–35, 39–40, 42–47

231,516

Ferry

Trout Lake

36–42, 46–48, 50–60, 62–90, 92–07

549,944

Ferry

Twin Lakes (N & S)

13, 34, 36, 39, 41–64, 86–89

Ferry

Unnamed Lake

51

Ferry

Ward Lakes

43, 47, 53–54, 79–81

Ferry

West Fork Creek

20

Ferry

Wilmont Creek

39

Ferry

Subtotal

Franklin

Barker Lake

69–70

Franklin

Camp Lakes

54–59, 61–68, 70

Franklin

Canarro Pond

78–85

11,150

Franklin

Chance Lake

55–56

30,102

Franklin

Charlene

65, 67

21,510

Franklin

Clark Pond

61–66, 68–69

900
225,375

40,362
138,966
12,500

5,000
499,868
7,000

20,770,729
6,000
23,665
7,550
9,980
43,836,473

18,850
223,037

116,727
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Table 16.63 continued

Summary of rainbow stocked by county in eastern Washington, 1905–1923 and 1933–2007. (Page 12 of 53.)

County

Release Site

Years

Total

Franklin

Cox Lake

4

Franklin

Dalton Lake

62–66, 68, 84–88, 91–07

Franklin

Emma Lake

60, 63

36,014

Franklin

Flat Big

89–90

12,440

Franklin

Kahlotus (Washtucna)

50, 52, 55–58, 60–64

Franklin

Marmes Pond

76–77, 80–81, 87, 89–96, 98–07

Franklin

Mesa Creek

66

Franklin

Mesa Lake

64–66, 68–69

Franklin

Pajupo Pond

56–59, 70

13,190

Franklin

Pasco Pond

53–55, 61

11,640

Franklin

Powerline Lake

07

Franklin

Quarry Pond

90–91

24,770

Franklin

Railroad Lake

70, 81–90, 92–07

59,984

Franklin

Ribbon Lakes

55

20,102

Franklin

Scooteney Lake

59, 68

23,635

Franklin

Sportsmen's Lake

53

3,150

Franklin

Sulphur Lake

41

27,495

Franklin

Third Lake

59

4,999

Franklin

Trestle Pond

76

1,265

Franklin

Wellsian Pond

60, 70, 72

6,149

Franklin

Worth Lake

58–62, 64–66, 68–70, 78–79, 04, 06

Franklin

Subtotal

Garfield

Alpowa Creek

15, 22, 36–73, 77, 80–81, 93

Garfield

Asotin Creek

39

Garfield

Baker Pond

62–76, 78–80, 85–90, 92–05

Garfield

Big Four Lake

78

300

Garfield

Blue Lake

87

85,007

Garfield

Byers Pond

58

225

Garfield

Casey Pond

84–90, 92–94, 98–07

Garfield

Coles Pond

81, 84–90

Garfield

Crooked Fork

38–41

Garfield

Deadman Creek

16, 19, 46–49, 51–60, 64–66, 69–70, 72, 77–78, 80–81, 92–94

Garfield

First Creek

38

Garfield

First Fork Creek

42, 47

Garfield

Graham Pond

58–61, 63–67

Garfield

Lower Monumental Pool

73

Garfield

Main Creek

38

Garfield

Melton Fork

38, 40, 42, 46

58,886

Garfield

Park Lake

87

28,596

Garfield

Pataha Creek

18–19, 37–81, 84–90, 92–94, 95–99

Garfield

Second Fork Creek

38, 47

26,275
456,364

1,756,967
42,175
4,060
141,022

481

89,249
3,182,802

263,845
4,820
74,327

16,701
9,912
162,715
46,680
9,600
27,698
3,194
88,727
6,800

413,973
19,000
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Table 16.63 continued

Summary of rainbow stocked by county in eastern Washington, 1905–1923 and 1933–2007. (Page 13 of 53.)

County

Release Site

Years

Total

Garfield

Snake River

73, 74

124,727

Garfield

Tatman Springs

47

899

Garfield

Tucannon River (Upper)

48

11,100

Garfield

Subtotal

Grant

239 Drain

73–74

Grant

Alkali Lake

53–58, 60–62, 64–68, 70, 73, 77–78, 98, 00, 03–04, 07

Grant

Ancient Lake

65–68, 71, 74–75, 85–89, 93–98, 03–07

Grant

Aztec Lake

76–95, 01

Grant

Banks Lake

53, 56–77, 80–92, 94–07

Grant

Beda Lake

68–74, 76–81, 84–94, 96, 98, 01–07

Grant

Beverly Lake

67–69

1,027

Grant

Big Lake

69–70

23,172

Grant

Billy Clapp Lake

82, 92, 93–96, 98–07

Grant

Bishop Pond

77, 79

Grant

Black Lakes

53–54, 65, 68, 70

Grant

Blue Lake

21, 33–34, 36, 38–51, 53–58, 60–62, 64–68, 70–80, 82–96, 98–07

Grant

Blythe Lake

54–58, 60–69, 72–74, 76–81, 83–87, 89–96, 98–06

Grant

Bobbie Lake

70

1,890

Grant

Bombing Ring Ponds

65

10,050

Grant

Boulder Lake

62

4,840

Grant

Boundary Lake

62, 66, 67–07

Grant

Brook Lake

20

Grant

Brookie Lake

69–73, 76–81, 84–94, 96–98

81,708

Grant

Buckwheat Lake

71–72, 76–88, 90–05

91,464

Grant

Burke Lake

56–69, 71–75, 77–81, 83–86, 88–90, 92–07

Grant

Cabin Lake

62, 65–66

Grant

Caliche Lakes

82, 84–87, 89–07

Grant

Canal Lake

54–55, 57–58, 60–67, 69–80, 82–86, 88–96, 98–07

Grant

Cascade Lake

67–79, 81–82, 84–07

Grant

Castle Lake

56–57, 62, 64–66, 68–82, 85–07

Grant

Cat Lake

71–72, 74–79, 81

Grant

Cattail Lake

58–07

Grant

Chukar Lake

54–62, 64–69, 72–74, 76–81, 83–87, 89–06

Grant

Clementine Lake

67–91

46,906

Grant

Cliff Lake

62, 64, 67–68, 70–07

40,544

Grant

Coffin Lake

78–80

37,342

Grant

Colchie Lake

62–78, 80–81

231,041

Grant

Columbia River

61, 67

119,640

Grant

Coot Lake

62, 64–73, 76–97, 01–07

Grant

Corral Lake

52–70, 72–74, 76–81, 83–87, 89–96, 98–06

Grant

Coulee Lake

62

1,457,732

2,375
2,349,785
108,477
8,961
8,939,605
370,046

1,806,796
625
62,904
13,402,556
571,325

38,501
9,400

1,609,444
5,005
325,889
1,966,732
30,509
209,660
6,104
94,810
298,444

22,410
1,912,053
5,130
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Table 16.63 continued

Summary of rainbow stocked by county in eastern Washington, 1905–1923 and 1933–2007. (Page 14 of 53.)

County

Release Site

Years

Total

Grant

Coyote Lake

81–82

2,062

Grant

Crab Creek

16, 18–22, 46, 52, 54–61, 64, 66, 68, 70, 72, 77–78, 92–95, 97–98, 00–02

230,277

Grant

Crater Lake

54, 56, 58–66, 68–69, 71–72

229,943

Grant

Crater Slough

68

3,060

Grant

Cree Lake

70

840

Grant

Crescent Bay (Columbia River)

62, 64–66, 68, 70–71–73, 87–89

Grant

Crystal Lake

62, 64–67–82, 84–07

42,035

Grant

Cup Lake

64, 67–68, 70–72, 74, 76–07

34,949

Grant

Dabbler Lake

73–88, 90–96, 98–00

32,774

Grant

Deep Lake

36–50, 52–61, 63–07

2,124,236

Grant

Desert Lake

72–77, 80–93, 95

Grant

Dollar Lake

67–70, 72–97

26,393

Grant

Dot Lake

62, 64, 68–94, 97–99, 01–02

23,284

Grant

Drain 234

92

Grant

Drain 239

78, 80–82, 84–85, 87, 89, 92, 94–01 ,03–04

73,166

Grant

Drain 645

58–59, 70, 72–73, 77, 87, 89, 95–96

30,594

Grant

Drake Lake

79

Grant

Dry Falls Lake

51–53, 55–07

Grant

Dubbler Lake

89

Grant

Dune Lake

69–95, 03–07

Grant

Dusty Lakes

54–75, 77–00, 04–07

Grant

Electric City

90

30,329

Grant

Embert Lake

57

5,145

Grant

Ephrata Drains

57, 64–65, 73, 83

Grant

Ephrata Lake

96, 98–00, 02–03, 05–07

Grant

Ephrata Park Pond

74, 76, 78, 80–81, 84–90, 92–94

Grant

Evergreen Reservoir

58, 61–73, 77, 00

Grant

Falcon Lakes

62–64, 66–69, 71–74, 76–81, 83–96, 98–99, 01–07

Grant

Fenceline Lake

68–70, 84–85

Grant

Fern Lake

71

Grant

Four Lakes

58–61

Grant

Frenchman Hills Lake

07

3,000

Grant

Frying Pan Lake

53

41,450

Grant

Gadwall Lake

58–93, 95–07

94,144

Grant

Gaggle Lake

75–82

Grant

George Lake

62–63, 65–07

40,236

Grant

Gloyd Seeps

69–70, 80–88, 91–96, 98–04

75,320

Grant

Golden Eye Lake

61–69, 71–74, 76–81, 83–87, 89–97, 01–07

Grant

Golf Course Pond

53–58, 60–61, 64–66

Grant

Goose Lakes

40–41, 45–48, 50, 52, 54–59, 61–67, 70–74, 76, 85, 95–96, 00, 02–04, 06–07

Grant

Grasshopper Lake

71

Grant

H Lake

65, 68, 78–80, 93

379,314

203,274

2,028

1,518
1,061,545
2,009
77,877
807,878

43,295
7,158
10,189
456,539
94,331
9,620
1,998
23,607

4,007

427,357
20,991
1,915,609
1,035
20,892

Table 16.63 continued on next page.
1272

Fishes of Eastern Washington: A Natural History

Subfamily Salmoninae

Table 16.63 continued

Summary of rainbow stocked by county in eastern Washington, 1905–1923 and 1933–2007. (Page 15 of 53.)

County

Release Site

Years

Total

Grant

Hampton Lakes

54–07

1,764,330

Grant

Hampton Sloughs

57, 62–64, 66–70, 72–73, 80–82, 84–92, 95–04

Grant

Harriet Lake

68, 70–71

Grant

Harris Lake

71–93, 95, 00–04

Grant

Hatchery Creek

95–07

89,208

Grant

Hatchery Spring

64, 68–72, 74, 76–91, 93–94

35,862

Grant

Hatheny Lake

94

1,290

Grant

Hays Lake

79–80

1,516

Grant

Heart Lake

53–58, 60–96, 98–07

Grant

Hen Lake

74–07

53,096

Grant

Herman Lake

75, 80, 83

20,998

Grant

Heron Lakes

62–63, 66–70, 72–74, 76–81, 83–07

49,212

Grant

Hilltop Lake

62, 64–66

15,060

Grant

Homestead Lake

71–75, 77–89, 95–96, 98, 00–07

Grant

Horseshoe Lake

83–07

32,488

Grant

Hourglass Lake

58–99, 01–02, 04–05, 07

53,376

Grant

I-90 Ponds

76–77

Grant

Index Ponds

68, 70–74, 80–84

33,626

Grant

Janet Lake

58, 66–67, 69–93, 95, 97–07

75,544

Grant

Jerry Lake

69–70

2,490

Grant

Judith Pool

79–81

1,568

Grant

Junction Lake

61–62

Grant

June Lake

67–96, 98–06

121,524

Grant

Katey Lake

62, 64–88, 95, 97–06

116,236

Grant

Lauzier Ponds

66

Grant

Lemna Lake

58–86, 90–07

59,231

Grant

Lena's Puddles

56, 59, 63, 65

23,340

Grant

Lenice Lake

67–86, 88–07

389,611

Grant

Lind Wasteway

58, 60, 69

Grant

Ling Lake

95

Grant

Lizard Lake

75–95

10,901

Grant

Lloyd Lake

93–07

16,041

Grant

Lodge Lakes

83–07

35,919

Grant

Lois Lake

68–07

Grant

Long Lake Reservoir

60–64, 91–07

Grant

Lorene Lake

68–69

1,385

Grant

Lucky Lake

71–81

9,053

Grant

Lyle Lake

60, 71, 80, 83

8,317

Grant

Magpie Lake

71–88, 95–97

60,992

Grant

Mallard Lake

61, 64

Grant

Mansfield Lake

87–88, 91–94, 01–04

14,162

Grant

March Lake

71–72, 76–88, 90–99, 01–05

72,627

42,242
1,590
254,593

604,145

224,077

620

8,648

3,000

35,437
200

53,210
390,878

2,760
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Table 16.63 continued

Summary of rainbow stocked by county in eastern Washington, 1905–1923 and 1933–2007. (Page 16 of 53.)

County

Release Site

Years

Total

Grant

Marco Polo Lake

63–74, 76–06

143,878

Grant

Marie Lake

83–92, 95–00

110,437

Grant

Marsh Units

77, 83–87, 89, 91–92

100,280

Grant

Martha Lake

60–66, 68–75, 77–93, 96–01, 03–07

442,934

Grant

Mary Lake

69–71

Grant

Mattoon

91

7,830

Grant

McCabe

91

630

Grant

McMannaman Lake

75–83

6,980

Grant

Meadow Creek

52–55

8,668

Grant

Meadow Lake

56

Grant

Meadowlark Lake

71–92

17,466

Grant

Merry Lake

72–74, 77, 79–86, 88–06

72,103

Grant

Microwave Lake

64, 66

30,020

Grant

Milk Creek Pond

91

Grant

Mirror Lake

64–66, 77, 82, 84, 87–91

Grant

Moses Lake

68–78, 80–82, 84–07

Grant

Neva Lake

74–84, 86–90, 92–98, 01–02

Grant

New Lake

57

2,600

Grant

No Name Lake

96

498

Grant

North Potholes

78

33,676

Grant

Northrup Lake

64, 75, 80–07

30,899

Grant

Np Lower

91

Grant

Nunally Lake

70–86, 88–96, 98, 00–07

Grant

Oasis Park Pond

76–77, 84, 97

Grant

Osborne Bay

64–65

Grant

Owl Lake

76

560

Grant

Para Juvenile Lake

82

3,956

Grant

Para Lake

54–62, 64, 67, 75–76, 84–85, 98–06

Grant

Para-Juvenile Lake

63, 65–66, 68–69, 71–72, 74, 76–77, 79–81

Grant

Park Lake

33–34, 36, 38–51, 53–58, 60–62, 64–80, 82–07

Grant

Perch Lake

49–54, 56–60, 62–07

645,427

Grant

Pillar Lake

54–57, 59–68, 70–80, 82–93, 95–96, 98–07

309,979

Grant

Pit Lakes

54, 56–57, 59–62, 64–67, 69–71, 73, 75–87, 91–04, 07

301,610

Grant

Poacher Lake

58–81, 83–93, 95–07

Grant

Pond 1 (Gran)

01–06

2,084

Grant

Pond 2 (Gran)

01, 03, 05–06

1,194

Grant

Pool #3

64, 69, 72–74, 76, 78–79

Grant

Pot Lake

61, 67

Grant

Potholes Reservoir

59–78, 80–82, 84–07

Grant

Priest Rapids Reservoir

61–65

Grant

Puddler Lake

57–58, 73–74, 76–79, 83

14,970

Grant

Quail Lake

76–79, 82, 85, 87, 90

12,411

13,450

2,500

782
11,999
5,914,045
35,253

3,531
475,499
4,429
133,850

101,383
49,044
9,733,571

28,612

132,187
59,407
6,956,183
646,501
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Table 16.63 continued

Summary of rainbow stocked by county in eastern Washington, 1905–1923 and 1933–2007. (Page 17 of 53.)

County

Release Site

Years

Total

Grant

Quincy Lake

55–66, 68–71, 73–78, 80–84, 86–90, 92–07

Grant

Railroad Lake

91

Grant

Rainbow Lake

47–51, 54, 56–58, 60–62, 64–70, 72–73, 77–80, 82–83

Grant

Randie Lake

67–68

Grant

Red Rock Lake

69, 73–74, 76

Grant

Reffits Pond

64, 69, 74, 76

Grant

Rocky Ford Creek

88

21,600

Grant

Royal Lake

57

10,000

Grant

Sage Lakes

54–57, 59–60, 62–94, 96–07

Grant

Sago Lake

58–93, 95–99, 01–05, 07

68,283

Grant

Sand Dunes Lake

52, 58–62

57,130

Grant

Sanddock Lake

71–72, 76–85, 87–88, 90–05

57,787

Grant

Scaup Lake

57–58, 62, 65–67, 94, 96–98, 00–06

37,113

Grant

Scout Lake

70–71, 73–76, 78–07

18,185

Grant

Sedge Lake

71–95

53,171

Grant

Seep Lakes

53–61, 66

Grant

Shay Pond

70–72, 82–84, 91–05

12,422

Grant

Shorty Cat Lucky

83–85, 87–91, 06

12,542

Grant

Shorty Lake

71, 73–79, 81

Grant

Shoveler Lake

58–07

Grant

Silica Lake

61

Grant

Siphon

70

Grant

Snipe Lake

58–93, 95–07

Grant

Soda Lake

62, 90–07

Grant

Spence Lake

83–07

Grant

Spoonbill Lake

76

Grant

Spring Creek

52–56, 67, 79, 81

13,549

Grant

Spring Lakes

88–90, 92–07

22,325

Grant

Stan Coffin Lake

68–69, 78

42,217

Grant

Sundock Lake

86

Grant

Susan Lake

59–60, 62–07

Grant

Table Lake

61–62

Grant

Teal Lakes

53–62, 64–67, 70–73, 75–78, 80, 82–87, 90–93, 95–98, 00–07

Grant

Teanaway

91

Grant

Tern Lake

72–95

51,887

Grant

Thompson Lake

56–62, 67

66,797

Grant

Tick Lake

83–07

7,428

Grant

Trinidad Lake

70–77

13,318

Grant

Truck Lake

72–74

4,008

Grant

Two Lakes

62–63

4,295

Grant

Two Springs Lake

87, 89, 91–94

1,194

Grant

Unit 2 Pool

72

1,815,997
1,519
182,524
7,130
114,600
1,210

330,857

150,469

7,034
78,587
2,000
1,050
53,838
116,090
32,439
522

1,482
490,310
28,825
1,094,873
389

15,640
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Table 16.63 continued

Summary of rainbow stocked by county in eastern Washington, 1905–1923 and 1933–2007. (Page 18 of 53.)

County

Release Site

Years

Total

Grant

Unnamed Lakes

52, 54

36,049

Grant

Vantage Seeps

70–82

44,253

Grant

Vic Meyers Lake

84–85, 87–07

98,313

Grant

Virgin Lake

60–07

249,842

Grant

Wanapum Reservoir

63–67

677,325

Grant

Warden Lake

57–68, 70–75, 77, 80–07

Grant

Wesclem Lake

73–74

Grant

Widgeon Lake

53–93, 95–96, 98–99, 01–07

Grant

Williams Lake

53–65, 85, 04

80,139

Grant

Willow Lake

96–00, 06

25,515

Grant

Wilson Creek

36

7,000

Grant

Win Ext Pond (Big)

70–71

2,585

Grant

Winchester Wasteway

65–69, 71–72

Grant

Windmill Lakes

53–07

Grant

Woodhouse Lake

91

Grant

Subtotal:

Kittitas

Baker Lake

79, 90, 04

950

Kittitas

Bald Mountain Pond

02

160

Kittitas

Bar 41 Pond

68

550

Kittitas

Bear Creek

40, 48

29,455

Kittitas

Beaver Creek

45

10,959

Kittitas

Beaver Ponds

80

4,200

Kittitas

Beaver Puss Lake

87, 90, 93, 96

Kittitas

Blossom Lake

75–79

16,483

Kittitas

Bolder Spring

40–41

96,600

Kittitas

Box Canyon Lake

41, '00

8,595

Kittitas

Bullfrog Pond

44, 47–78, 80–82, 84–01

Kittitas

Burbank Creek

43

Kittitas

Cabin Creek

33, 53–60, 64–78, 80

76,237

Kittitas

Cabin Creek Ponds

82–88

18,126

Kittitas

Caribou Creek

37, 50–67, 69–71, 73

62,473

Kittitas

Chief Creek

48

37,461

Kittitas

Chikamin Potholes

94, 00

Kittitas

Circle Lake

49

28,750

Kittitas

City Pond

67–73, 75–76

33,678

Kittitas

Cle Elum Lake

20, 38–47, 50, 58–66, 68, 74, 81–88, 90–93, 01

Kittitas

Cle Elum Ponds

64, 67–68

Kittitas

Cle Elum River

33–34, 36–73, 75–81

Kittitas

Coleman Creek

13, 33, 36, 38, 40, 45, 49–73

Kittitas

Colockum Beaver Ponds

61

6,240

Kittitas

Coney Lake

78

400

4,314,578
2,408
450,655

151,125
1,546,436
1,380
87,746,436

450

131,785
6,780

200

536,681
7,600
1,500,599
111,551
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Table 16.63 continued

Summary of rainbow stocked by county in eastern Washington, 1905–1923 and 1933–2007. (Page 19 of 53.)

County

Release Site

Years

Total

Kittitas

Cook Creek

36–38, 70, 45–46, 53–55, 57–67, 69–71, 73

Kittitas

Cooper Lake

34–35, 37, 40–43, 46–48, 50, 54, 66–75, 78–80, 82–84, 86–87, 90, 92–93

Kittitas

Cottonwood Lake

65, 67, 69, 71, 73, 76, 79–80, 83, 88, 91–92, 94–95, 00–01, 03, 06

25,407

Kittitas

Damon Creek

21

20,000

Kittitas

Dead Man's Slough

45

2,728

Kittitas

Deadhead Lake

91

Kittitas

Deep Lake

45, 48, 51–52, 56, 58, 60, 62, 64, 66, 68, 70, 72, 75, 79

Kittitas

Deer Lakes

37, 48, 53, 82, 93, 98, 02, 06

35,810

Kittitas

Denmark Pond

68–05

50,555

Kittitas

Devil Slide Lake

57, 61, 63, 65–66, 84–85, 87, 89, 91, 93, 95, 99, 01, 03

Kittitas

Diamond Lake

35, 37, 40, 48, 52, 54, 56, 58, 60, 62, 64, 66, 68, 70, 72, 75, 79–80

Kittitas

Divide Lake

72, 81, 86, 86–87, 90, 93, 96, 99, 02, 06

1,630

Kittitas

Drew Creek

48

8,000

Kittitas

Dry Creek

54

Kittitas

Easton Ponds

67–69, 71–73, 76, 81–07

Kittitas

Eight Acre Lake

49

994

Kittitas

Ellensburg Gravel Pits

64

4,000

Kittitas

Ellensburg Pond

46–67

Kittitas

Espanola Creek

48

4,000

Kittitas

Farris Creek

40

12,700

Kittitas

Fio Rito Lakes

71–07

Kittitas

Fireweed Lake

98, 01

Kittitas

Fish Lake

21, 45–46, 62–78

Kittitas

Fogarty Slough

19

37,800

Kittitas

Fortune Creek

40, 42, 46, 48

59,185

Kittitas

Fortune Lake

48

Kittitas

French Cabin Creek

35, 41–42, 48

92,266

Kittitas

Frog Lake

60, 72, 87, 90

1,100

Kittitas

Gale Creek

36, 38, 41

Kittitas

Gallager Head Lake

02

Kittitas

Gladmar Pond

80–96

Kittitas

Goat Creek

51

8,640

Kittitas

Goat Lake

51

5,450

Kittitas

Gold Creek

21, 35–36, 39, 71–72, 84–85, 89, 91–94

Kittitas

Gold Lake

66, 70, 78, 95, 97–06

Kittitas

Gravel Pits Ellensburg

44, 54, 64, 67, 74

Kittitas

Gravel Ponds (west Of Cle Elum)

57

Kittitas

Hansen Lakes

69–03

Kittitas

Hibox Mountain Lake

68, 85, 91

2,420

Kittitas

Hinson Pond

93, 95–04, 06–07

4,903

Kittitas

Hour Creek

48

5,400

Kittitas

Hyak Lake

34, 48, 60,68, 84, 87, 90, 93, 96

97,120
665,096

660
135,663

16,488
111,000

11,000
283,987

99,872

1,149,260
240
160,433

9,000

18,240
270
114,432

116,448
1,142
49,631
40
535,297

41,716
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Table 16.63 continued

Summary of rainbow stocked by county in eastern Washington, 1905–1923 and 1933–2007. (Page 20 of 53.)

County

Release Site

Years

Total

Kittitas

Ice Box Lake

66, 07

234

Kittitas

Illahee Pond

74

Kittitas

Indian Creek

40, 48

29,450

Kittitas

Jack Creek

38, 48

31,270

Kittitas

Joe Creek

68, 81

1,000

Kittitas

Johnson Creek

40, 50

11,922

Kittitas

Jolley Creek

40, 48

64,710

Kittitas

Jungle Creek

40

Kittitas

Kachess Lake

07, 20, 22, 33–35, 38–40, 42–47, 49–53, 71–72, 81, 83

877,827

Kittitas

Keechelus Lake

33–35, 39–44, 46–47

994,566

Kittitas

Kendall Peak Lakes

87, 90, 92, 94, 96, 98, 00, 06

Kittitas

Kinghorn Slough

47, 52

48,050

Kittitas

Kittitas Gravel Pit

52–67

154,223

Kittitas

Kittitas Pond

51, 59–60, 64, 68, 69

Kittitas

Kiwanas Pond

02–07

Kittitas

Lake Easton

46, 48, 50–81, 95–99

Kittitas

Laura Lake

65, 78, 82, 85, 88, 91, 94, 00, 03, 06

Kittitas

Lavender Lake

64–07

Kittitas

Lila Lake

68, 81, 83, 87, 91, 95, 99, 03

Kittitas

Lillian Lake

49, 79, 93, 01, 05

Kittitas

Lily Lake

68

100

Kittitas

Little Creek Lake

65

10,500

Kittitas

Little Joe Lake

81, 83, 87, 91, 95–96, 98

3,152

Kittitas

Lizzard

40

4,485

Kittitas

Lodge Creek

38

12,500

Kittitas

Lost Lake

40, 93

Kittitas

Manastash Creek

33–34, 36, 39–40, 43, 46–71, 73, 77–80

Kittitas

Manastash Lake

46, 59–60, 62, 64, 72, 83

40,653

Kittitas

Margaret Lake

58, 62, 82, 87, 92, 97, 03

7,200

Kittitas

Mattoon Lake

68–07

Kittitas

Mature Lake

69

Kittitas

McCabe Pond

83–90, 92–07

54,883

Kittitas

Meadow Creek

34, 40, 46

62,861

Kittitas

Mercer Creek

90–94, 96–01

Kittitas

Michael Lake

40, 45, 48, 50–68, 70, 72, 75, 79, 83, 87, 91, 96, 98

Kittitas

Milk Creek Pond

62, 76, 78, 80, 82–90, 92–07

31,110

Kittitas

Milwaukee Pond

56, 67–80, 83, 85–87

37,203

Kittitas

Mineral Creek

41

15,950

Kittitas

Mirror Lake

35, 40, 69, 72, 76, 79, 86, 88, 90, 93, 97–05

62,744

Kittitas

Moonshine Lake

40, 48

15,240

Kittitas

N P Ponds

68–81, 05

47,139

Kittitas

Naneum Creek

33, 36, 38–39, 50–58, 60–69, 71, 73, 80

625

9,955

3,790

13,540
8,237
808,382
4,356
431,764
4,676
10,740

40,100
436,868

661,641
5,000

22,796
206,161

106,146
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Table 16.63 continued

Summary of rainbow stocked by county in eastern Washington, 1905–1923 and 1933–2007. (Page 21 of 53.)

County

Release Site

Years

Total

Kittitas

Naneum Ponds

68–07

108,279

Kittitas

Olsen Creek

13

Kittitas

Opal Lake

82, 89, 95, 01, 07

Kittitas

Owens Slough

67

Kittitas

Panorama

94

Kittitas

Paris Creek

35, 40, 46, 48

94,261

Kittitas

Park Creek

50–67

38,757

Kittitas

Park Lakes

87, 90, 93, 98

Kittitas

Peggy’s Pond

81, 89, 92, 95, 99, 03, 07

Kittitas

Pete Lake

35, 40, 45, 47–48, 50–52, 54, 56, 58, 60, 62, 64, 66, 71

Kittitas

Quartz Creek

39, 52, 90–91

6,798

Kittitas

Quilomene Ponds

75

3,000

Kittitas

Rainier Creek

21

15,000

Kittitas

Reser Creek

40, 67–69

Kittitas

Resort Creek

21

Kittitas

Ridge Lake

72, 93, 95, 97, 99, 01, 03, 05, 07

Kittitas

Robin Lakes

49, 51, 62, 93, 97–98

Kittitas

Rock Rabbit Lakes

71, 77, 81, 89, 91, 93, 95, 97, 99, 00–01, 03, 05, 07

Kittitas

Rocky Creek

21

15,000

Kittitas

Roger Pond

54

2,750

Kittitas

Russac Lakes

68, 71, 73

5,080

Kittitas

Rustic Inn Grange Pond

53–56

3,780

Kittitas

Salmon La Sac Creek

46, 48

45,924

Kittitas

Sanola Creek

48

19,220

Kittitas

Schakke Ponds

69, 70

17,794

Kittitas

Scott Pond

67–68

12,090

Kittitas

Snake Lake

88, 90, 93

Kittitas

Sorenson Creek

86–93

Kittitas

Spirit Lake

57

Kittitas

Spring Creek

21, 50, 54, 67–68

24,468

Kittitas

Sprite Lake

41

10,050

Kittitas

Squaw Creek

43

3,395

Kittitas

Squaw Lake

37, 41, 51, 54, 72, 82, 86, 88, 91, 94, 97, 00, 07

Kittitas

Squitch Lake

62

Kittitas

Stafford Creek

33–34, 38, 40

Kittitas

Startup Creek

40

Kittitas

State Grange Pond

51

Kittitas

Stirrup Lake

21, 40, 69, 71, 73, 79, 87, 91, 95, 97, 00

Kittitas

Stonesthrow Lake

66, 68, 71, 73, 83, 86, 89, 90, 92, 94, 96, 98, 00, 02, 06

Kittitas

Surveyor Lake

53, 56, 58, 60, 62, 64, 66, 67, 70, 72

Kittitas

Surveyors Creek

40

5,198

Kittitas

Swamp Lake

38

12,500

10,000
420
14,065
200

6,438
2,800
244,229

8,293
25,000
1,213
41,905
5,408

130
22,637
3,000

49,072
4,800
55,470
9,900
840
33,809
7,598
40,580
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Table 16.63 continued

Summary of rainbow stocked by county in eastern Washington, 1905–1923 and 1933–2007. (Page 22 of 53.)

County

Release Site

Years

Total

Kittitas

Swan Lake

41, 43

13,795

Kittitas

Swanson Lake

68–71, 73

Kittitas

Swauk Creek

21, 39–40, 43, 45, 49–62, 64, 66–76, 79–82

Kittitas

Talus Slope Lake

98, 02

Kittitas

Taneum Creek

13, 15, 33–34, 38–40, 42–43, 46–80, 88, 90, 92

Kittitas

Taneum Lake

36, 44, 58, 62, 64, 96, 98, 01

31,601

Kittitas

Teanaway Junction Pond

58–61, 64, 68–78, 81–90, 92–93

44,338

Kittitas

Teanaway River

34, 38–40, 42–46, 48–79, 81

Kittitas

Teanaway River (Middle Fork)

33, 40, 43–44, 63

Kittitas

Teanaway River (North Fork)

21, 33–34, 38, 40, 43, 45, 51, 74–75, 77, 80, 82–85, 87, 90

213,911

Kittitas

Teanaway River (West Fork)

21, 33, 38, 40, 42–45, 48

254,645

Kittitas

Terrance Lake

40, 48, 50, 52, 54, 56, 58–60, 62–66, 70, 72, 79, 83, 86, 89, 92, 95, 99

120,911

Kittitas

Thetis Lake

07

Kittitas

Thomas Mountain Pond

01

110

Kittitas

Thorp Creek

40

9,700

Kittitas

Thorp Lake

35, 40, 42, 47–48, 50–52, 54, 56, 58, 60, 62, 64, 67, 72, 79, 81–07

Kittitas

Thrall Pond

62–63, 67–74, 77, 81–82

Kittitas

Tinkham Peak Potholes

72, 78, 82, 88, 91, 97, 00, 03, 06

2,040

Kittitas

Trail Creek

51

8,640

Kittitas

Tunnel Lake

60

600

Kittitas

Twilight Lake

85, 88, 90

690

Kittitas

Twin Lakes

40, 45, 60, 62, 86, 88, 89, 92, 96, 98, 01–02, 05, 07

Kittitas

Union Creek

39

Kittitas

Unnamed Lake

33, 38, 40, 43, 74, 77, 81, 83, 87, 89, 91, 94, 97, 03

Kittitas

Vicente Lake

93

Kittitas

Waptus Lake

35, 37, 40–42, 47–50

582,222

Kittitas

Waptus River

35, 40–42, 47–48, 61

287,803

Kittitas

Williams Creek

40

Kittitas

Wilson Creek

40, 45, 47–70, 90–94, 96–00, 05

Kittitas

Woodhouse Ponds

68–72, 74, 77–90, 92–07

Kittitas

Yakima River

16, 18, 33–36, 39–83

Kittitas

Zirkle Lakes

68, 73

Kittitas

Subtotal

Klickitat

Amery Pond

80–84

2,605

Klickitat

Anderson Pond

73, 76, 79–84, 86, 90, 93

8,323

Klickitat

Ashes Little Lake

86

Klickitat

Barrett Ponds

74, 76, 82, 84

Klickitat

Bergey Pond

78

333

Klickitat

Big Klickitat River

16

20,000

Klickitat

Bind Creek

71

1,000

Klickitat

Bingen Pk

90–91

28,792
176,503
200
548,321

696,245
76,915

200

158,331
16,496

20,753
2,996
31,799
388

4,988
162,126
78,084
3,610,100
13,800
20,349,929

13
2,287

893
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Table 16.63 continued

Summary of rainbow stocked by county in eastern Washington, 1905–1923 and 1933–2007. (Page 23 of 53.)

County

Release Site

Years

Total

Klickitat

Bird Creek

17, 39, 57–58, 61–64, 66–70, 72–73, 86–87, 95–96, 98–07

Klickitat

Block House Creek

35–36, 40–41, 45–47, 49–04

93,791

Klickitat

Bloodgood Creek

22, 35–36, 41, 50–64, 67–06

107,071

Klickitat

Boehler Lake

82–84

Klickitat

Bowman Creek

35, 40–41, 46–48, 51–61, 63–64, 66–07

Klickitat

Brashers Pond

69–76

6,488

Klickitat

Bratton Pond

71–73, 76, 79–84, 86, 91

6,340

Klickitat

Breaks Ponds

80, 82, 84, 86, 90–91, 93

9,811

Klickitat

Buck Creek

34, 47

Klickitat

Butler Creek

51

Klickitat

Cahill Pond

81–84, 86

Klickitat

Caldwell Pond

80, 84, 86, 91

11,546

Klickitat

Cameron Pond

81–82, 84, 86

4,058

Klickitat

Campbell Pond

86, 91

Klickitat

Carp Lake

59–64, 67

Klickitat

Case Pond

80

127

Klickitat

Cattleguard Pond

80, 82, 84

426

Klickitat

Claussen Pond

83–84, 86

2,000

Klickitat

Columbia River

62, 67, 73, 87

1,929

Klickitat

Cooks Lake

90

5,563

Klickitat

Cosner Pond

80–84, 86, 90–91

4,307

Klickitat

Counts Pond

70–73, 76–77, 79–84, 86, 89–91

Klickitat

Crockers Pond

70–72

Klickitat

Davenport Pond

69–73, 76, 80–84, 86, 91

Klickitat

Deming Lake

83–84

Klickitat

Doubransky Ponds

80–84, 86, 91

Klickitat

Dry Creek

51

990

Klickitat

DuBois Lake

68

3,200

Klickitat

Ed Vecker Pond

77

150

Klickitat

Elk Meadows Pond

95

530

Klickitat

Enwards Pond

82, 84, 86

702

Klickitat

Evans Pond

72, 80–82, 84, 86

Klickitat

Fahlenkamp Ponds

72, 74, 76–77, 80–84, 86, 91

Klickitat

Farm Ponds

71, 74–79, 81

Klickitat

Foster Ponds

86, 91

Klickitat

Franz Pond

84

350

Klickitat

Freeman Pond

82

201

Klickitat

Grayback Upper

93

3,360

Klickitat

Gronewald (Farm Pond)

73–74

390

Klickitat

Guler Park Pond

96–98

2,145

Klickitat

Hanson Lake

82–84

710

Klickitat

Harris Ponds

62, 69–70, 79–84, 86, 91

48,059

5,715
145,240

106,190
720
2,637

4,088
16,789

39,433
925
11,644
675
25,219

2,195
15,423
302,779
2,208

18,565
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Table 16.63 continued

Summary of rainbow stocked by county in eastern Washington, 1905–1923 and 1933–2007. (Page 24 of 53.)

County

Release Site

Years

Total

Klickitat

Hartley Lake

40

5,150

Klickitat

Heikell Lake

90

Klickitat

Hendryx Creek

36, 40

Klickitat

Heron Ponds

82–84, 86, 91

Klickitat

Hess Park Pond

80–84, 86–91, 06

23,542

Klickitat

Hill Pond

62, 80–84, 86, 91

13,902

Klickitat

Hobi Pond

80

Klickitat

Hoctor Ponds

72–73, 76, 70–84, 86

Klickitat

Holter Pond

84, 86

664

Klickitat

Horsethief Lake

57–07

2,037,084

Klickitat

Humphrey Pond

71–72

160

Klickitat

Icehouse Lake

86

Klickitat

Imrie Lake

81–82, 84, 86

Klickitat

Indian Jim Creek

84

490

Klickitat

Isaacson Ponds

80, 84, 86

727

Klickitat

Itote Lake

82

123

Klickitat

Jaekel Ponds

80–84, 86, 91

Klickitat

Jewett Creek

51, 53–76, 78–80, 85, 89–00, 02–04

Klickitat

Jim Schuster Pond

84

Klickitat

Joe's Lake

68–69, 71–74, 76–78, 80–81, 82–84

Klickitat

John Fahlenkamp Pond

76, 81

Klickitat

Johnson Ponds

76, 80–84, 86

Klickitat

Kayser Pond

70–72, 74–76, 79–84, 86, 90–91

Klickitat

King Pond

72, 76, 79–84

Klickitat

Klicker Ponds

80–81

Klickitat

Klickitat Creek

51, 59, 64–66, 82

Klickitat

Klickitat River

34, 36–59, 73–74, 00, 02–03

Klickitat

Knight Pond

71–72, 79–80

663

Klickitat

Laurel Creek

62, 64

800

Klickitat

Lefever Pond

80–84, 86, 91

Klickitat

Lefever Spring

80

Klickitat

Little Klickitat Creek

82–94

Klickitat

Little Klickitat River

21–22, 36, 38–63, 65–81, 95–96, 98–07

Klickitat

Little White Salmon River

96–03

Klickitat

Lock Lake

75

Klickitat

Major Creek

36, 48, 52, 55–64, 66–70, 78, 80

33,683

Klickitat

Mary Hill Park Pond

76–77, 79–84, 87, 89–07

31,918

Klickitat

McClintock Pond

79

Klickitat

Mill Creek

41, 43–44, 46, 51–58, 60, 62–64, 66–85, 87–94, 96–03, 05–06

Klickitat

Minshall Pond

79

2,730

Klickitat

Mt. Adams Pond

00, 03–05

3,905

Klickitat

Northwestern Lake

40–45, 47–07

111
19,730
3,817

174
11,273

13
1,499

4,196
38,856
1,908
10,853
410
2,328
12,520
2,790
671
14,116
960,936

4,015
164
60,937
691,872
23,692
7,727

200
89,485

4,159,382
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Table 16.63 continued

Summary of rainbow stocked by county in eastern Washington, 1905–1923 and 1933–2007. (Page 25 of 53.)

County

Release Site

Years

Total

Klickitat

Olin Ponds

80–84, 86, 91

20,840

Klickitat

Outlet Creek

39, 51, 56, 61, 71, 74–06

59,580

Klickitat

Parker Ponds

83–84, 86

Klickitat

Parrish Pond

82

Klickitat

Pence Pond

83–84, 86, 90–91

Klickitat

Pine Creek

51–52, 56, 60–61

Klickitat

Pothole Lake

34–36, 40, 46–58, 60–66, 68–71, 73–74, 76, 78–93

Klickitat

Pruitt Pond

80

Klickitat

Rattlesnake Creek

35, 39, 51–58, 60–84, 86–88

82,927

Klickitat

Rearing Ponds (Klickitat)

34

25,000

Klickitat

Ritzschke Pond

73

190

Klickitat

Rock Creek

51–53, 56–58, 60–64, 66–76, 78–83, 06

Klickitat

Rohnbacher Ponds

80, 90–91

Klickitat

Rowland Lake

63, 65–66, 69–80, 82–86, 89–07

Klickitat

Ruff Pond

84, 86

Klickitat

Sacheen Lake

90

Klickitat

Schillings Pond

71–72, 76, 79, 81–83, 86

Klickitat

Schuster Pond

82, 86

996

Klickitat

Shrader Pond

80–81

239

Klickitat

Sipe Pond

76, 79–82

Klickitat

Skookum Creek

84

Klickitat

Snag Oak Lake

86, 91, 93

4,268

Klickitat

Snowplow Lake

79–81, 84

3,392

Klickitat

Spaulding Pond

76, 79–84, 86, 91

Klickitat

Spear Fish Lake

57–07

Klickitat

Spink Pond

78

Klickitat

Spring Creek

20–22, 35–36, 39–00

Klickitat

Spring Creek

95–00

16,633

Klickitat

St. Regis Mill Pond

80

23,550

Klickitat

Story Lake

84

Klickitat

Summit Creek

41, 47–48, 79

Klickitat

Swale Creek

76–77

Klickitat

Swale Pond

84

Klickitat

Swamp Creek

51

Klickitat

Swift Ponds

80–84, 86, 91

Klickitat

Taylor Pond

71

Klickitat

Telford Lake

83–84

1,692

Klickitat

Three Creeks

48

1,853

Klickitat

Tobin Pond

76

440

Klickitat

Tomlinson Pond

83–84

Klickitat

Trout Creek

37, 39–41, 48, 50, 57–58, 61–72, 76, 80

Klickitat

Trout Creek Reservoir

87–88, 93–94

2,507
28
11,540
7,052
359,049
164

43,667
2,947
981,384
3,430
50,321
5,893

2,056
490

10,203
986,077
333
800,714

280
53,931
3,468
210
2,320
13,887
80

1,076
131,546
11,050
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Table 16.63 continued

Summary of rainbow stocked by county in eastern Washington, 1905–1923 and 1933–2007. (Page 26 of 53.)

County

Release Site

Years

Total

Klickitat

Trout Lake

16–19, 34, 41, 48, 51, 60, 71–75, 77–79, 81–94

Klickitat

Tunnel Lake

71–72

Klickitat

Van Horn Lake

81

208

Klickitat

Wheelhouse Lake

89

175

Klickitat

White Salmon River

34, 36, 39–58, 60–65, 67, 69–83, 85–88, 00, 04, 06

Klickitat

Wilkin Pond

72–73, 76

Klickitat

Williams Lake

91

1,504

Klickitat

Willis Canyon Pond

80, 83–84, 86, 91

4,984

Klickitat

Winterstein Spring

80–84, 86, 91

3,963

Klickitat

Wishram Pond

57–58, 60–62

13,038

Klickitat

Woody Lake

84

Klickitat

Wylie Pond

80–81

396

Klickitat

Zielinski Pond

69, 71–72

570

Klickitat

Subtotal

Lincoln

Armstrong Creek

55, 58

2,280

Lincoln

Armstrong Pond

54, 56–57, 60–63

6,442

Lincoln

Bass Lake

51

2,900

Lincoln

Blue Stem Creek

61

1,000

Lincoln

Browns Lake

85, 87

12,040

Lincoln

Coffeepot Lake

97–07

68,499

Lincoln

Cottonwood Creek

50–07

Lincoln

Crab Creek

13, 15–20, 34, 36–52, 55–61, 64, 66–94, 96, 98–01, 03–04, 07

Lincoln

Davenport Ponds

38–39, 59

Lincoln

Deer Creek

38–41, 43–44, 46–74, 51, 60, 80

Lincoln

Deer Springs Lake

48–70, 72–79, 81–07

1,087,672

Lincoln

Dixon’s Pond

50–54, 57–58, 61, 63

24,863

Lincoln

Eastman Springs

41, 57

Lincoln

Eastman's Pond

58

Lincoln

Fishtrap Lake

63, 66, 80–82, 84–90, 93–07

2,452,090

Lincoln

Fourth Of July Lake

67, 69–98, 00–07

2,462,696

Lincoln

Goose Creek

15, 19, 43, 47–66, 81

Lincoln

H Lake

56

3,000

Lincoln

Hampton Pond

53–54, 59, 69–77

7,663

Lincoln

Harrington Juvenile Ponds

59

1,200

Lincoln

Hatten Lake

57–58

3,200

Lincoln

Hawk Creek

15, 17–21, 33–49, 51–58, 60–75, 77–94, 96–03

Lincoln

Herb Rolhman Beaver Ponds

52

2,500

Lincoln

Hess Pk

85

1,996

Lincoln

Hog Canyon

88

15,015

Lincoln

Indian Creek

14, 81–93

30,080

Lincoln

Juvenile Pond At Odessa

56, 61

373,331
3,669

966,425
508

52

14,143,748

56,322
1,211,158
17,156
196,923

4,982
12,570

95,826

514,325

4,075
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Table 16.63 continued

Summary of rainbow stocked by county in eastern Washington, 1905–1923 and 1933–2007. (Page 27 of 53.)

County

Release Site

Years

Total

Lincoln

L Lake

56

1,200

Lincoln

Lake Roosevelt

84, 88

Lincoln

Maryhill Pk

85

1,500

Lincoln

Meacham Creek

20

15,000

Lincoln

Mitchum Creek

49

3,312

Lincoln

North Spring Creek

37

2,000

Lincoln

Odenrider Lake

56

4,000

Lincoln

Pacific Lake

66–69, 83, 97–03

Lincoln

Pond 17

82

1,000

Lincoln

Pothole Lake

85

5,010

Lincoln

Rock Creek

48

150

Lincoln

Rose Blossom Creek

65

650

Lincoln

Schneider Pond

56

1,000

Lincoln

Sherman Lake

83–93

4,658

Lincoln

Snowplow Lake

85

800

Lincoln

Spearfish Lake

85

24,750

Lincoln

Spokane River

13–14, 17, 19–20

Lincoln

Spring Creek

48–49, 52–55, 57–58, 67, 75

Lincoln

Stock Creek

49

3,221

Lincoln

Tamarack Creek

48, 52, 54, 56, 59

8,663

Lincoln

Twin Lakes

51–53, 56–67, 80, 96, 98–07

Lincoln

Unnamed Ponds

81

Lincoln

Wall Lake

54–55, 57, 59–60, 84

Lincoln

Watson' Pond

56

Lincoln

Welch Creek

20, 52

18,000

Lincoln

Wilbur Pond

03–04

620

Lincoln

William Juvenile Ponds

59

Lincoln

Wilson Creek

15, 17–20, 33, 36–38, 40–41, 43–46, 48–49, 51–57, 73–75

Lincoln

Z Lake

04–07

Lincoln

Subtotal

Okanogan

Aeneas Creek

41, 43–44, 47, 82, 84–94

163,127

Okanogan

Aeneas Lake

37, 39–45, 48, 50, 52–80, 83, 95–96, 98, 01–06

663,322

Okanogan

Albright Lake

87

Okanogan

Alkali Lake

52

Okanogan

Alta Lake

52–76, 78–79, 81–82, 84–87, 89–07

Okanogan

Amy

87

Okanogan

Andrews Creek

33, 38–42, 47, 60–61

94,616

Okanogan

Andrews Lake

56–59

10,362

Okanogan

Antoine Creek

43

7,000

Okanogan

Aspen Lake

84

1,040

Okanogan

Bannon Lake

54

1,000

129,891

771,283

114,000
14,510

242,160
2,000
36,034
800

2,680
330,003
21,304
9,175,622

1,020
4,255
3,292,206
1,020
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Table 16.63 continued

Summary of rainbow stocked by county in eastern Washington, 1905–1923 and 1933–2007. (Page 28 of 53.)

County

Release Site

Years

Total

Okanogan

Bankers Creek

22

14,400

Okanogan

Barnsley Lake

46, 48–50, 54–55, 61–62, 64–66, 68, 70–71

50,120

Okanogan

Bear Creek

45, 52

11,050

Okanogan

Beaver Creek

39, 41–74, 50–52, 55–56, 58, 61–62, 64–73, 82–94

385,552

Okanogan

Beaver Lake

51, 54–56, 59–68, 70, 81, 84, 95–96, 98–07

163,789

Okanogan

Bedard Lake

48

Okanogan

Beth Lake

46, 70, 78–79, 81–93

79,860

Okanogan

Big Buck Lake

97–07

19,188

Okanogan

Big Eagle Lake

53

Okanogan

Big Twin Lake

39–46, 49–55, 58–76, 78–81, 83–07

Okanogan

Black Canyon Creek

43

Okanogan

Black Lake

36, 39, 47, 55, 58–59, 61, 73

103,239

Okanogan

Black Pine

36–37, 39–56, 58, 60–62, 64–75, 77

438,120

Okanogan

Blue (Sinlahekin)

82–87, 89–94

217,898

Okanogan

Blue Lake (Lime Belt)

52–56, 58, 60–61, 63–65, 68

58,190

Okanogan

Blue Lake (Near Wannacut)

53, 59, 61

36,990

Okanogan

Blue Lake (Sinlahekin)

45, 47, 60–61, 64–70

225,750

Okanogan

Blue Lake (Sinlahekin)

71–76, 78–81, 95, 98–06

420,068

Okanogan

Bonaparte Creek

17, 43–44, 97

Okanogan

Bonaparte Lake

14, 34, 36–48, 50–51, 53–58, 61, 63, 64–81, 84, 86–93, 95–00, 02–07

Okanogan

Bonner Lake

41–44, 47–51, 07

Okanogan

Booher Lake

84

Okanogan

Boulder Creek

40, 42–43, 47, 55–56, 58, 61–62, 64–74

Okanogan

Bridgeport Pond

02–07

3,669

Okanogan

Brown'S Lake

56

6,200

Okanogan

Buck Lake

50, 58, 60–62, 64–75, 77, 84–07

Okanogan

Buffalo Lake

39–41, 43–48, 50, 53–58, 60–62, 64

Okanogan

Burden Lake

54

Okanogan

Buttermilk Creek

39–40, 45–46

Okanogan

Buzzard Lake

41, 43–45, 47, 52, 54–58,60, 63–64, 66–68, 74, 76–93, 95–96, 98–04

Okanogan

Camel Lake

40, 42, 45, 79

Okanogan

Campbell Lake

47–52, 54, 61–62, 64–66, 68–73, 75–78, 80–91, 93–94, 96–07

Okanogan

Canyon Creek

47

Okanogan

Cases Pond

55–76

24,019

Okanogan

Castor Lake

84–92, 95–96

29,751

Okanogan

Cecil Creek

39–40

20,982

Okanogan

Cedar Creek

39, 47

14,000

Okanogan

Chewack River

33, 36, 38–52, 55–56, 58, 60–62, 64–74, 77–82

Okanogan

Chiliwist Creek

42–44, 47, 56

Okanogan

Chopaka Lake

20–22, 41, 62–86, 88, 90–06

Okanogan

Conconully Lake

14, 33–34, 36–49, 51–53, 55–07

Okanogan

Conners Lake

84, 06

2,024

7,500
1,480,526
1,500

72,289
1,254,350
175,004
1,500
157,443

235,430
1,849,850
945
49,359
232,890
17,011
223,398
7,569

713,114
54,966
921,729
11,608,601
3,015
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Table 16.63 continued

Summary of rainbow stocked by county in eastern Washington, 1905–1923 and 1933–2007. (Page 29 of 53.)

County

Release Site

Years

Total

Okanogan

Copper Lake

47, 52–53

Okanogan

Corral Lake

40, 54–55, 58–61

Okanogan

Cougar Lake

36–37, 39–42, 47, 52, 58, 61–62, 64–66, 68–73, 75–91, 93–07

Okanogan

Crater Creek

41, 44, 46–47, 55

Okanogan

Crawfish Lake

14, 39–45, 54–56, 58, 61–74, 93, 95–07

Okanogan

Crow Lake

55, 61

Okanogan

Crumbacher Lake

48–58, 60–84, 89–91

51,106

Okanogan

Crystal Lake

40, 55

12,960

Okanogan

Cub Creek

47

Okanogan

Davis Lake

40, 42, 45–66, 68–73, 75–91, 93–96, 98–07

Okanogan

Dean Creek

36

3,000

Okanogan

Deep Lake

42

2,500

Okanogan

Diamond Creek

35, 37, 39–40

Okanogan

Diamond Jack Creek

36

Okanogan

Dibble Lake

41–42, 47–50, 52, 54–55, 61–62, 64–66, 69–72, 75–91, 93–96, 98–07

Okanogan

Dot Lake

95–96

Okanogan

Drake Creek

35–37, 39–40

Okanogan

Duck Lake (Bidawee)

39–54, 59–64, 66–75, 78, 80–83, 87, 91

Okanogan

Duley Lake

50

Okanogan

Eagle Creek

38, 45–46

Okanogan

Early Winters Creek

34, 39, 44, 46–47, 52, 55–56, 58, 61–62, 64–74, 77–79, 82

147,233

Okanogan

Eight Mile Creek

33–34, 36, 38, 40–43, 45, 47, 52, 55–56, 58, 60–62, 64–74, 77–81

231,271

Okanogan

Ell Lake

44–62, 64–68, 70–96, 98–99, 01–06

315,714

Okanogan

Emerald Lake

87

1,020

Okanogan

Encas Lake

46

10,000

Okanogan

Engels Lake

87

850

Okanogan

Eureka Lake

79

400

Okanogan

Evergreen Lake

84

3,500

Okanogan

Falls Creek

38, 72

6,558

Okanogan

Fancher Dam Reservoir

50, 87–88, 90–93, 95–06

46,527

Okanogan

Fawn Lakes

39, 58–61

16,139

Okanogan

Fern Lake

45

Okanogan

Fields Lake

53–54

Okanogan

Figlenski Lake

51

1,500

Okanogan

Fire Creek

39

3,977

Okanogan

Fish Lake

43–47, 51–54, 56–63, 66–81, 83–88, 90–95, 98–07

Okanogan

Foggy Dew Creek

39–40, 43–44, 46–47

Okanogan

Forde Lake

84

2,535

Okanogan

Four Point Lake

41

7,450

Okanogan

Fancher Dam

89

650

Okanogan

Frosty Lake

95

242

Okanogan

Fry Lake

48, 50–58, 70, 84

10,268
39,150
240,976
46,346
544,569
3,704

8,992
1,036,433

10,974
1,500
92,935
1,093
16,470
635,662
6,660
22,599

6,201
14,140

2,149,977
204,759

28,510
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Table 16.63 continued

Summary of rainbow stocked by county in eastern Washington, 1905–1923 and 1933–2007. (Page 30 of 53.)

County

Release Site

Years

Total

Okanogan

Goat Creek

62

2,502

Okanogan

Gold Creek

37, 39–47, 55, 58, 60–62, 69–75, 77–82

445,225

Okanogan

Gold Lake

43–45, 47, 53–54, 56, 76

169,918

Okanogan

Golden Rule

42

10,000

Okanogan

Gourlie’s Pond

49

1,000

Okanogan

Green Lake

54–60, 83–85, 87–96, 98–07

Okanogan

Happy Hill Lake

48

1,681

Okanogan

Hart Lake

83–84

2,036

Okanogan

Hayter Lake

33

Okanogan

Hess Lake

51, 61, 72–85, 87, 89, 93, 95–96, 98–02

Okanogan

Hidden Lakes

34, 36–38, 40, 50, 61, 64–65, 67, 69

Okanogan

Hooker Creek

47

2,200

Okanogan

Hopkins Lake

60

2,000

Okanogan

Hunsinger Lake

88

Okanogan

Indian Mary Pond

76–77, 82

4,100

Okanogan

Irwin'S Pond

51–53

2,516

Okanogan

Johnson Creek

42–46, 56

Okanogan

Johnson Lake

54

Okanogan

Juvenile Pond

57, 59–61, 63–66, 68, 70–73

Okanogan

Keller Creek

53

8,800

Okanogan

Kernans Pond

66

540

Okanogan

Lake Beth

95–07

83,598

Okanogan

Lake Creek

33, 36, 38–41, 47–48

79,531

Okanogan

Lake French

44

10,855

Okanogan

Landers Lake

47

3,300

Okanogan

Larch Creek

36

Okanogan

Leader Lake

63–07

Okanogan

Lehrman Pond

49, 51, 66

3,052

Okanogan

Leland'S Pond

49

7,650

Okanogan

Libby Creek

40, 46–47, 50, 55, 61–62, 70, 72–75

49,326

Okanogan

Lime Belt Lake

53–54

13,195

Okanogan

Little Beaver Creek

73

500

Okanogan

Little Bridge Lake

47

4,460

Okanogan

Little Eagle Lake

53

Okanogan

Little Goose

45–48, 50–52, 55

93,905

Okanogan

Little Loup Creek

43

15,000

Okanogan

Little Twin Lake

48–72, 74–75, 78–94

Okanogan

Lominiski Lake

40

Okanogan

Long Lake

43–07

426,257

Okanogan

Long Swamp

39–40

9,981

Okanogan

Lost Creek

43, 68, 73

Okanogan

Lost Lake

39–43, 46–51, 54–58, 60–68, 70, 72–74, 82, 84, 90–93, 95–07

435,131

30,000
54,134
258,210

975

142,138
6,400
22,525

500
1,326,630

5,000

761,871
11,800

25,965
594,039
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Table 16.63 continued

Summary of rainbow stocked by county in eastern Washington, 1905–1923 and 1933–2007. (Page 31 of 53.)

County

Release Site

Years

Total

Okanogan

Lost River

34–36, 39–41, 44, 46–48, 62, 64–74, 77–80

Okanogan

Loup Loup Creek

43

25,000

Okanogan

Lower Green Lake

55–58, 60

23,965

Okanogan

Lyman Lake

40, 42–43, 71–73, 83, 96–07

67,017

Okanogan

Marple Lake

54–57, 60–62, 64, 70–74, 78–79

13,476

Okanogan

Mary Ann Creek

13, 47

20,900

Okanogan

Mayo Creek

36

Okanogan

McGinnis Lake

43–46

Okanogan

Meadow Lake

41

Okanogan

Methow River

34, 37–51, 58, 61–62, 64–82, 84

Okanogan

Methow River (North Fork)

51–52, 70

Okanogan

Methow River (South Fork)

21, 36, 46–47, 52, 55, 67

Okanogan

Methow River (West Fork)

40, 48

Okanogan

Methow River North Fork

51

Okanogan

Meyers Creek

36, 39, 42–44, 47

Okanogan

Miller Lake

42

Okanogan

Mirror Lake

46, 61

Okanogan

Mission Creek

71

Okanogan

Moccasin Lake

39–41, 43, 62, 64–65, 70–71, 74–91

Okanogan

Molson Lake

51, 53–54, 57–59, 07

Okanogan

Morill Springs

47

19,795

Okanogan

Muskrat Lake

64, 68

11,500

Okanogan

Nasen Creek

57

Okanogan

Nespelem Creek

51–52

9,186

Okanogan

Nespelem River

53, 55

16,120

Okanogan

Nine Mile Creek

65

1,000

Okanogan

No Name Lake

59

640

Okanogan

North Creek

38, 47

31,268

Okanogan

North Star Creek

53

11,280

Okanogan

Nugget Lakes

87, 00

Okanogan

Okanogan River

13, 42, 71–72

48,234

Okanogan

Omak Creek

21, 53, 62, 04

319,800

Okanogan

Omak Lake

50–52, 54–57, 60

293,390

Okanogan

Oroville Pond

46

Okanogan

Osoyoos Lake

34, 36–37, 40–41, 45–46, 79, 82–91

Okanogan

Oval Creek

38, 47

11,950

Okanogan

Oval Lakes

35, 38, 47, 50, 60

45,323

Okanogan

Palmer Lake

17, 39–41, 48, 56, 63–64, 66, 71–74, 76–82, 84–85, 87, 91

Okanogan

Pasayten River

36, 41

Okanogan

Patterson Lake

33–34, 36–37, 39–60, 62–96, 98–07

Okanogan

Payne’s Meadows

56

Okanogan

Pearrygin Lake

33, 36, 45, 51–79, 81–07

196,691

3,000
216,014
4,000
1,278,362
11,281
103,607
35,850
5,508
123,280
7,989
10,126
1,666
93,246
356,098

755

1,150

21,116
600,871

2,105,299
12,400
1,680,488
1,540
5,043,796
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Table 16.63 continued

Summary of rainbow stocked by county in eastern Washington, 1905–1923 and 1933–2007. (Page 32 of 53.)

County

Release Site

Years

Total

Okanogan

Peter'S Reservoir

47, 49

11,099

Okanogan

Petersen Pond

59

750

Okanogan

Pine Lake

46

3,146

Okanogan

Pine Tree

55

10,272

Okanogan

Poison Lake

84–85, 87

Okanogan

Poodle Dog Lake

54

Okanogan

Poorman Creek

44, 47

9,233

Okanogan

Pothole No 1

51

2,160

Okanogan

Price Lake

84, 87

3,520

Okanogan

Proctor Lake

44–48, 50–51, 53–54, 56–58, 83–84, 87, 90–94

Okanogan

Ptarmigan Creek

38

Okanogan

Rainbow Lake

49, 51, 55, 58

Okanogan

Ralph Hart Lake

81

Okanogan

Rat Lake

39–40, 42, 46–51, 54, 56, 59–66, 68–71, 73–79, 81–07

Okanogan

Rat Rearing Pond

83–84, 87, 91

8,000

Okanogan

Rattlesnake Creek

62

5,000

Okanogan

Rearing Pond

47, 85, 93, 95, 99–00, 02, 04

Okanogan

Reclamation Pond

52, 56, 74, 75–76

4,534

Okanogan

Reflection Lake

83–84

2,060

Okanogan

Remmel Lake

39, 42, 53, 58–59–61

Okanogan

Reynolds Creek

39

Okanogan

Riverside Lake

46

Okanogan

Robinson Creek

34, 36, 39, 41, 47

42,315

Okanogan

Rock Creek

42, 46, 54, 84

25,273

Okanogan

Rogers Lake

47

Okanogan

Round Lake

42–47, 54–07

Okanogan

Rowel Lake

47, 51–56, 84, 93

Okanogan

Salmon Creek

39, 42–52, 71

228,497

Okanogan

Salmon Creek (North Fork)

43–45, 68–71

62,095

Okanogan

Salmon Creek (South Fork)

21, 36, 43

45,986

Okanogan

Salmon Creek (M. Fork)

21

33,000

Okanogan

Sanpoil River

45, 54

26,958

Okanogan

Sangor Lake

54

Okanogan

Sarsapkin Creek

16, 64

Okanogan

Sasse Reservoir

54

1,350

Okanogan

Scanlon Lake

87

1,275

Okanogan

Scatter Creek

38, 47

4,150

Okanogan

Scatter Lake

47

Okanogan

Schallow Meadows Pond

59, 69–73, 75–78, 83, 85, 87, 89, 91, 93, 95, 99–00, 03, 04

Okanogan

Scotch Lake

42

1,800

Okanogan

Shalberg Lake

84, 87

4,775

Okanogan

Short Mountain Lake

53

1,420

7,285
465

129,117
1,500
12,560
2,061
886,925

48,770

53,199
3,000
2,692

8,620
373,327
22,204

8,175
40,094

8,640
34,358
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Table 16.63 continued

Summary of rainbow stocked by county in eastern Washington, 1905–1923 and 1933–2007. (Page 33 of 53.)

County

Release Site

Years

Total

Okanogan

Sidley Lake

51–54, 56–07

Okanogan

Silver Lake

47, 58, 68

Okanogan

Silver Nail Lake

88–92, 03–07

Okanogan

Sinlahekin Creek

39–41, 43–46, 48, 53, 65

Okanogan

Sinlahekin Creek Impoundments

55, 59, 73

35,432

Okanogan

Siwash Creek

42, 43

12,176

Okanogan

Slate Creek

38, 45, 47

20,450

Okanogan

Slate Lake

38, 42, 44, 58–59

54,716

Okanogan

Similkameen River

48, 70–71

24,424

Okanogan

Smith Lake

39, 42, 53, 97, 99–00

29,603

Okanogan

Soap Lake

56

10,500

Okanogan

South Creek

39–40

12,976

Okanogan

South Lake

59

Okanogan

Spanish Creek

41

Okanogan

Spectacle Lake

36, 38, 40–49, 51–67, 69–78, 80–84, 86–07

Okanogan

Spring Coulee Lake

52

Okanogan

Spring Lake

51–52

Okanogan

Starsman Lakes

51–58, 60–61, 64–66, 82–93, 95–05

120,331

Okanogan

Stevens

37, 39–60, 84

202,466

Okanogan

Steve's Pond

49

Okanogan

Stewart Lake

54, 61

Okanogan

Stout's Reservoir

56

1,760

Okanogan

Strite Springs

51

1,500

Okanogan

Sugar Loaf Lake

-

1,500

Okanogan

Sugarloaf

84

1,775

Okanogan

Sullivan Lake

61, 64–66, 68–70, 72–73, 75–91, 99–01

56,381

Okanogan

Summit Lake

40, 44, 53–54, 56, 77–93, 95–96, 98–01

123,782

Okanogan

Sweat Creek

47

3,345

Okanogan

Thirty Mile Creek

46

5,728

Okanogan

Toats Creek

34–36, 39–40, 43–45, 47, 50–51

Okanogan

Tonseth Lake

47

Okanogan

Toroda Creek

42–43, 45

70,165

Okanogan

Trout Creek

35

10,000

Okanogan

Tunk Creek

49–51

4,035

Okanogan

Turk Creek

48

4,030

Okanogan

Turner Lake

65–66

8,260

Okanogan

Turtle Lake

40

15,000

Okanogan

Twenty Mile Creek

33, 39–40, 54

23,314

Okanogan

Twin (Limebelt) Lake

84–85, 87

7,640

Okanogan

Twisp Lake

68

2,976

Okanogan

Twisp River

36–52, 55–56, 58, 60–62, 64–74, 77–82

Okanogan

Unnamed Lake

47

2,032,939
18,094
8,915
276,350

500
4,000
7,606,491
168
2,054

6,920
15,030

272,346
865

540,708
3,500
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Table 16.63 continued

Summary of rainbow stocked by county in eastern Washington, 1905–1923 and 1933–2007. (Page 34 of 53.)

County

Release Site

Years

Total

Okanogan

Wagners Pond

36

5,000

Okanogan

Walker Lake

40, 47–50, 52–55, 66, 75, 78–81

Okanogan

Wannacut Lake

50–52, 55, 57–91, 93, 95–96, 98–07

Okanogan

War Creek

21, 39–40, 44–47

Okanogan

Washburn Island Pond

76–77, 86–88

98,530

Okanogan

Wells Reservoir

87–91, 93

16,287

Okanogan

Wenner Lake

21

15,000

Okanogan

Whitestone Lake

41, 43–45, 48–49, 55–58, 60–71, 73–74

Okanogan

Wilkinson Lake

46

Okanogan

Williams Lake

38, 50

Okanogan

Windy Creek

39

7,774

Okanogan

Winthrop Nfh

06

30

Okanogan

Wolf Creek

39–40, 42, 44–45, 47

Okanogan

Subtotal:

Pend Oreille

Anderson Lake

34–35

229,800

Pend Oreille

Babbitz Lake

41, 43–46, 50–52, 57–59

168,204

Pend Oreille

Baker Lake

40, 42–43, 47–64

173,503

Pend Oreille

Bead Lake

34, 37–40, 45

312,656

Pend Oreille

Big Meadow Lake

98–00, 03, 05–06

Pend Oreille

Boundary Reservoir

39–44, 46–49, 51–60, 62–63

Pend Oreille

Brownie Lake

38–39, 43

Pend Oreille

Browns Lake

96

Pend Oreille

Buck Creek

41, 43–44, 47

129,596

Pend Oreille

Calispell Creek

37–39, 41–46–49

153,623

Pend Oreille

Calispell Lake

37, 39

31,750

Pend Oreille

Canyon Lake

51–52, 55–58

20,101

Pend Oreille

Carl Lake

42, 96–07

55,076

Pend Oreille

Cee Cee Ah Creek

40

Pend Oreille

Chain Lakes

17, 40–44

84,160

Pend Oreille

Conger Lakes

93–07

34,324

Pend Oreille

Conklin Lake

42

Pend Oreille

Cooks Lake

42, 45–53, 57–67, 71–72, 74, 78, 80–87, 89, 91, 93, 95–07

Pend Oreille

Crescent Lake

39–49, 51–66, 69–76, 78–07

Pend Oreille

Davis Lake

17, 39–44, 46–48, 57–61, 64–06

1,241,140

Pend Oreille

Deception Lake

48, 50, 59–63, 73, 84, 98–99, 07

35,657

Pend Oreille

Deer Creek

44

35,000

Pend Oreille

Deer Lake

42

10,870

Pend Oreille

Deer Springs Lake

52

2,000

Pend Oreille

Diamond Lake

33, 35–66, 73–77, 81, 88–07

Pend Oreille

Fan Lake

41–45, 47, 49–54, 62, 90, 94–07

Pend Oreille

Frater Lake

39

94,967
4,002,819
134,746

1,025,809
2,692
14,450

80,377
68,458,520

65,241
131,252
31,710
5,115

3,595

6,800
181,240
462,893

5,931,496
348,944
15,130
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Table 16.63 continued

Summary of rainbow stocked by county in eastern Washington, 1905–1923 and 1933–2007. (Page 35 of 53.)

County

Release Site

Years

Total

Pend Oreille

Gillette Lake

69

7,500

Pend Oreille

Half Moon Lake

19–22, 33–37, 40–41, 43, 94–95

Pend Oreille

Harvey Creek

36

22,500

Pend Oreille

Heritage Lake

69

11,989

Pend Oreille

Horseshoe Lake

41–46, 80, 89–96, 98–07

Pend Oreille

Huff Lake

39

Pend Oreille

Inlet Stream To Parker Lake

41–42, 45–46

Pend Oreille

Ione Mill Pond

41

2,690

Pend Oreille

Kalispell Creek

41

33,500

Pend Oreille

Kirge Lake

17

21,125

Pend Oreille

Lake Leo

94–97, 05–06

27,409

Pend Oreille

Lake Of The Woods

41–43, 45–46, 48–51, 54, 56–80

Pend Oreille

LeClerc Creek

39–40, 45, 98

87,875

Pend Oreille

Lead King Lake

42, 88–89, 91–94, 96, 98–99, 02–07

37,328

Pend Oreille

Leadbetter Lake (Loon Lake)

34, 39–41, 44, 95

85,041

Pend Oreille

Lime Lake

13, 96

17,000

Pend Oreille

Little Anderson Lake

34

20,000

Pend Oreille

Little Lost Lake

39, 93–96, 98–07

38,303

Pend Oreille

Little Muddy Creek

44

42,140

Pend Oreille

Little Pend Oreille River

35–36, 38–40, 43–46, 48, 51–54, 67, 69–75

Pend Oreille

Little Spokane River

17, 36, 38, 42, 48

75,684

Pend Oreille

Little Spokane River (East Branch)

36–37, 39, 45, 47

106,410

Pend Oreille

Marshall Lake

17–18, 33–48, 96, 00

470,844

Pend Oreille

McNeil Pond

81–84

Pend Oreille

Meadow Lake

42, 44, 95

Pend Oreille

Mill Creek

40

Pend Oreille

Mill Pond

39, 41–45, 53, 75–96, 98–01, 03–04

Pend Oreille

Moon Lake

13, 16–17

Pend Oreille

Muskegon Lake

42, 96

Pend Oreille

Mystic Lake

34, 49, 96

49,979

Pend Oreille

New Moon Lake

14

12,683

Pend Oreille

Niles Lake

13, 42, 51–57, 94, 96, 98, 01, 03–07

Pend Oreille

No Name Lake

42, 46–47, 49, 96

Pend Oreille

Osthelles Pond

58

Pend Oreille

Panhandle Lake

40, 42–43, 45–52, 56

102,638

Pend Oreille

Parker Creek

38–43, 46–47, 93–94

87,907

Pend Oreille

Parker Lake

95–98, 01–07

13,461

Pend Oreille

Pend Oreille River

45–47, 51, 88–96, 98, 00–06

Pend Oreille

Petit Lake

40, 96

Pend Oreille

Power Lake

34–35, 38–49, 51–57, 61–64, 93–05

Pend Oreille

Reed Lake

57

Pend Oreille

Renshaw Creek

42, 44–47

339,130

335,387
7,900
63,670

179,980

259,194

3,065
81,105
29,278
461,085
55,000
3,045

204,465
28,774
4,000

1,055,303
8,865
731,489
510
74,875
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Table 16.63 continued

Summary of rainbow stocked by county in eastern Washington, 1905–1923 and 1933–2007. (Page 36 of 53.)

County

Release Site

Years

Total

Pend Oreille

Ridge Lake

50

2,475

Pend Oreille

Ruby Creek

37, 39–40, 93–99

42,064

Pend Oreille

Sacheen Creek

36

10,000

Pend Oreille

Sacheen Lake

39, 49–61, 73, 77–78, 80–07

Pend Oreille

Scotia Creek

34

Pend Oreille

Skookum Creek

43

Pend Oreille

Skookum Lakes

93–07

162,229

Pend Oreille

Smalle Lake

46–48

39,300

Pend Oreille

Smutty Boy

93–96, 98

Pend Oreille

Sportsmen'S Pond

54–62, 78, 80, 82

Pend Oreille

Spring Creek

53

Pend Oreille

Spring Heel Creek

40, 47–48

Pend Oreille

Sullivan Creek

21, 35, 37, 39, 46

Pend Oreille

Sullivan Lake

14, 18, 34–35, 38–41, 44, 65, 71, 73–78, 80, 82, 84–86

Pend Oreille

Sullivan Mill Pond

51–52, 54, 65, 74

Pend Oreille

Tacoma Creek

39–41, 44–47, 63–64, 67, 69–76, 78

Pend Oreille

Thomas Lake

69

Pend Oreille

Trimble Lake

43

3,700

Pend Oreille

Trout Creek

36

10,000

Pend Oreille

Trout Lake

41, 43–44, 48, 51, 53–72

Pend Oreille

Unnamed Lakes

34

Pend Oreille

Willy-O Lake

64

Pend Oreille

Winchester Creek

38–41, 43, 45–48

Pend Oreille

Yokum Lake

37, 39–42, 96

Pend Oreille

Subtotal:

Skamania

Adams Creek

41

Skamania

Ashes Lake

48, 50–52, 54–95, 99, 01–03

Skamania

B&W Pond

52–58, 60

18,067

Skamania

Bass Lake

48, 93, 94

8,139

Skamania

Beacon Rock Lake

41

4,000

Skamania

Bear Creek

36, 39–42

Skamania

Beaver Dam

45

Skamania

Beaver Pond

41

4,372

Skamania

Berry Creek

41

20,034

Skamania

Big Creek

37–40, 52

69,580

Skamania

Big Mosley

39

Skamania

Big White Salmon River

40, 63

Skamania

Black Creek

48

Skamania

Blue Creek

39–43, 45, 47–60

Skamania

Bluff Creek

40, 53–56

Skamania

Bolles Lake

41

2,171,616
60,000
9,600

2,676
102,166
2,010
80,385
108,900
2,369,922
81,582
335,393
20,400

529,607
45,000
8,400
153,260
90,520
21,642,207

3,997
191,924

120,626
6,000

5,809
28,035
6,225
305,519
13,165
5,000
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Table 16.63 continued

Summary of rainbow stocked by county in eastern Washington, 1905–1923 and 1933–2007. (Page 37 of 53.)

County

Release Site

Years

Total

Skamania

Boot Lake

40

13,000

Skamania

Bow Pond

45–46

12,795

Skamania

Bridge Lake

74–79

7,364

Skamania

Brush Creek

39, 45

62,067

Skamania

Buck Creek

22, 69

10,360

Skamania

Bunker Lake

82

81

Skamania

Butler's Pond

48

4,450

Skamania

Canyon Creek

37, 39–42, 47, 53–54

Skamania

Carpenters Lake

45–48, 50–52

Skamania

Cascade Creek

58

Skamania

Cattail Lake

43–44, 48, 52, 84

Skamania

Cave Creek

40

Skamania

Cedar Creek

38, 48

24,044

Skamania

Chain Of Lakes

39–42, 48, 50, 62

93,615

Skamania

Chain Of Lakes (Skam)

95

Skamania

Chenamus Lake

40, 42, 47

32,740

Skamania

Clear Creek

40, 42, 87, 92

52,100

Skamania

Clear Lake

98, 03, 05

1,742

Skamania

Clearwater Creek

65

3,360

Skamania

Comcomly Lake

40, 72, 84, 97

5,502

Skamania

Copper Creek

36, 40, 42, 54–55

Skamania

Council Lake

41–43, 46, 48–49, 62, 84–89, 02–06

Skamania

Crater Creek

49

3,850

Skamania

Crest Trail

42

30,000

Skamania

Cultus Creek

42

26,500

Skamania

Cultus Lake

40

87,900

Skamania

Deadmans Lake

48, 50

88,854

Skamania

Deep Lake

40, 42, 58, 86, 92–93, 98

42,265

Skamania

Deer Lake

42, 86

11,687

Skamania

Dog Creek

38

5,000

Skamania

Donnybrook Creek

39

9,800

Skamania

Draino Lake

39–40

9,998

Skamania

Dry Creek

51

3,675

Skamania

Duncan Creek

38–41

Skamania

Elex Lake

42

Skamania

Elk Lake

40, 42, 92

Skamania

Erland Pond

76

Skamania

Eunice Lake

42

Skamania

Falls Creek

40–41, 43–45, 47, 49–50, 75–76, 79

274,881

Skamania

Forlorn Lakes

47–49, 72, 84, 86–07

144,502

Skamania

French's Lake

39, 41–43, 50

26,499

Skamania

Gillette Lake

39, 53–60

49,089

110,443
88,429
505
36,416
6,880

1,550

30,298
188,109

23,535
6,896
46,825
999
11,950
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Table 16.63 continued

Summary of rainbow stocked by county in eastern Washington, 1905–1923 and 1933–2007. (Page 38 of 53.)

County

Release Site

Years

Total

Skamania

Goose Lake

39–48, 87, 98, 05

Skamania

Green Mountain Lake

63

3,026

Skamania

Green River

40

17,425

Skamania

Greenleaf Creek

39, 41–42, 72

43,646

Skamania

Greenleaf Lake

41–42, 48–49, 58–71, 73–74

Skamania

Grizzly Lake

39–40

Skamania

Hamilton Creek

36–41, 44, 47, 51

Skamania

Hazel Creek

13

35,000

Skamania

Heart Lake

50

11,593

Skamania

Heather Lake

42, 47

20,100

Skamania

Hemlock Lake

82–86, 89–92

46,757

Skamania

Hidden Lakes

42

25,375

Skamania

Hollis Creek

43

6,991

Skamania

Home Valley Pond

95

Skamania

Horseshoe Lake

38–39, 41–50, 53–54, 69, 86–88, 95, 01

280,879

Skamania

Ice House Lake

80–07

139,664

Skamania

Imon Lake

39, 41–42, 46, 48, 50

37,626

Skamania

Iron Creek

54

15,000

Skamania

John's Lake

87

352

Skamania

Kidney Lake

41–44, 52–07

Skamania

Killer Creek

41

Skamania

Lake Kwaddis

40

Skamania

Lake Sahalee Tyee

40, 42, 86–87'

Skamania

Lake Sahalee Tyee

-

770

Skamania

Lake Wapiki

-

980

Skamania

Larson Lakes

47

10,000

Skamania

Lava Lake

39, 46, 50

13,790

Skamania

Lewis River

48

34,505

Skamania

Lewis River (East Fork)

39, 41

43,905

Skamania

Lewis River (North Fork)

48

60,226

Skamania

Little Ash Lake

96–07

68,486

Skamania

Little Bowles Lake

46

2,700

Skamania

Little Fish Lake

39

9,970

Skamania

Little White Salmon River

19–20, 34–62, 69, 77, 79–84, 86–93, 05, 07

Skamania

Little Wind River

36, 40

Skamania

Long Lake

41

Skamania

Lost Creek

41, 47, 52

57,523

Skamania

Lusk Creek

41, 43

26,236

Skamania

Marshall Creek

41

5,000

Skamania

Martha Creek

40

4,985

Skamania

McCloskey Creek

39–11

20,975

Skamania

McCoy Creek

33, 37, 39, 69

64,186

357,798

364,533
22,858
139,277

530

598,236
7,270
5,000
54,071

761,182
11,000
1,500
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Table 16.63 continued

Summary of rainbow stocked by county in eastern Washington, 1905–1923 and 1933–2007. (Page 39 of 53.)

County

Release Site

Years

Total

Skamania

Meadow Creek

40, 42

72,350

Skamania

Meta Lake

22, 40, 49

40,585

Skamania

Mineral Lake

88

Skamania

Morning Mirror Lake

45, 50

12,497

Skamania

Mosely (Little) Lake

39, 41

48,348

Skamania

Mosquito Lake

42, 47–48

Skamania

Mount Venus Lake

50

11,099

Skamania

Mouse Creek

40

19,990

Skamania

Mouse Lake

63

1,780

Skamania

Muddy Creek

41

Skamania

Muddy River

53, 54

89,660

Skamania

Mule Shed Creek

53

27,750

Skamania

N-73 Lake No. 2

80

1,647

Skamania

Nelson Creek

19, 22, 42

Skamania

Northwestern Lake

42, 45, 64, 88–94

Skamania

Nymphaea Lake

58

Skamania

Olallie Lake

62, 84–85, 95, 05

Skamania

Panhandle

40, 48–49

Skamania

Panther Creek

34, 36, 38–41, 43, 46–58, 60–61, 67, 75–76, 79

Skamania

Paradise Creek

35–36, 38, 40, 49, 75, 76

39,149

Skamania

Pass Creek

41, 42

39,940

Skamania

Pimlico Creek

37

10,400

Skamania

Pine Creek

54

14,917

Skamania

Placid Lake

40, 42, 47, 49, 96

96,120

Skamania

Quartz Lake

42

26,512

Skamania

Rock Creek

19–20, 22, 34, 36–44, 47–48, 51, 53, 74, 81–83

Skamania

Rowland Lake

65, 81, 86–89

64,025

Skamania

Rush Creek

38–39

21,100

Skamania

Ryan Lake

40

17,425

Skamania

Salmon Creek

42

22,192

Skamania

Sardine Lake

41–46

22,471

Skamania

School House

46, 48

26,786

Skamania

Sheep Lake

42–43, 46, 48

54,148

Skamania

Sled Lake

87

101

Skamania

Sleepy Hollow Creek

40

3,123

Skamania

Slide Creek

36

20,000

Skamania

Snag Tooth

42

6,400

Skamania

Spirit Lake

33, 39–40, 43–44, 47–48, 53–62, 64–79

Skamania

Spring Creek

41

4,998

Skamania

Spring Lake

41, 50

3,887

Skamania

Squaw Creek

39, 41, 82

Skamania

St. Helens Lake

22, 39, 47–48, 51, 53

100

156,617

3,999

23,000
367,015
320
15,237
47,520
360,082

438,461

1,610,295

12,651
159,331
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Table 16.63 continued

Summary of rainbow stocked by county in eastern Washington, 1905–1923 and 1933–2007. (Page 40 of 53.)

County

Release Site

Years

Total

Skamania

Steamboat Lake

39–40, 42, 47–48

Skamania

Stebbins Creek

40–41, 48

Skamania

Straight Creek

42

6,400

Skamania

Studebaker Creek

39

5,000

Skamania

Surprise Lake

42, 47–48

Skamania

Swampy Creek

41–42, 48, 50–53

539,577

Skamania

Swift Canal

64–65, 70, 73

185,190

Skamania

Swift Creek

45, 48, 66, 70–71, 77

Skamania

Swift Creek Reservoir

59–07

Skamania

Swift Power Canal

91–94, 97–02

Skamania

Takhlakh Lake

41–43, 45–46, 48–50, 53–54, 83–89, 01–06

Skamania

Texas Creek

53–58

Skamania

Texas Ponds

49

Skamania

Thomas Lake

40, 42, 47, 49, 86–87, 89, 91, 93, 96, 99, 01, 04, 06

Skamania

Tillicum Creek

41

Skamania

Tombstone Lake

40, 42

Skamania

Toutle River (North Fork)

41, 43, 45, 47, 49–51

Skamania

Trade Dollar Lake

40

Skamania

Trapper Creek

17, 35–36, 38–41, 43, 47, 75–76

171,738

Skamania

Trout Creek

35, 39–42, 47–49, 53–58, 88

261,252

Skamania

Trout Creek Reservoir

49–53, 56, 58, 60–69, 71–81

80,606

Skamania

Tunnel Lake

39, 50–70, 72–73, 75–07

Skamania

Tyee Springs Creek

40

15,000

Skamania

Umtex Lake

86

203

Skamania

Venus Lake

50, 89, 03 ,06

Skamania

Wapiki Potholes

40, 42, 87, 93

Skamania

Washougal River

19, 34, 37–44, 46, 48, 53

387,598

Skamania

White Salmon River

35, 45–46, 64–65, 67, 70–75, 78

167,247

Skamania

Wind River

17–18, 20, 34, 37–45, 48, 51–58, 60–61, 69–71, 73, 75–80

864,970

Skamania

Woodard Creek

36, 38–41

38,519

Skamania

Woods Lake

40, 42, 86

75,453

Skamania

Yellow Jacket Creek

71, 76–79, 81–83

Skamania

Subtotal

Spokane

Amber Lake

52–80, 82–07

Spokane

Andrews Pond

74–75, 78

2,656

Spokane

Badger Creek

53–55, 69

382,346

Spokane

Badger Lake

36–49, 56, 58–77, 79–94, 96–01, 03–07

Spokane

Baileys Lake

47–49, 51–63, 02–03, 07

Spokane

Bear Creek

36, 39

11,500

Spokane

Bear Lake

89–92, 94–07

75,798

Spokane

Beaver Creek

44, 46

32,574

124,795
36,766

71,986

1,329,205
44,327,540
15,927
231,347
29,380
4,800
83,912
3,880
16,258
165,816
35,900

389,836

14,638
30,439

101,797
59,758,976

2,432,984

5,813,244
177,331
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Table 16.63 continued

Summary of rainbow stocked by county in eastern Washington, 1905–1923 and 1933–2007. (Page 41 of 53.)

County

Release Site

Years

Total

Spokane

Big Horn Show

98–99

49

Spokane

Big Spokane River

18

30,000

Spokane

Blanchard Creek

19, 22, 37–39

80,698

Spokane

California Creek

36

10,000

Spokane

Chapman Lake

33, 37–07

1,477,309

Spokane

Clear Lake

47–48, 50–51, 59–67, 70–07

8,061,292

Spokane

Cooks Lake

93

5,100

Spokane

Coulee Creek

36

7,000

Spokane

Deadman Creek

34, 36, 38–39, 41, 43, 49–55

78,419

Spokane

Deep Creek

36, 38–39, 44

24,448

Spokane

Deer Creek

36

10,000

Spokane

Deer Park Gravel Pit Pond

77

504

Spokane

Downs Lake

44–45, 51, 55–62, 64–65, 68–70, 72–94, 96, 98–07

Spokane

Dragoon Creek

19, 34, 36–39, 41–54, 85

Spokane

Dry Creek

36

10,000

Spokane

Eaton Lake

46

3,000

Spokane

Fish Lake

44–45, 47–48, 50–52, 54–62, 83

591,867

Spokane

Fishtrap Lake

56, 59–68, 70–75, 77–80, 90–92

2,705,430

Spokane

Fourth Of July Lake

92

Spokane

Gonzaga Pond

72–73, 85

4,351

Spokane

Hangman Creek

78–80, 82–83, 85, 87

2,633

Spokane

Hangman Creek Pond

81

Spokane

Hat Lake

65–66

Spokane

Hog Canyon Lake

59–61, 63, 65–66, 68, 70–74, 77–79, 81–82, 84–87, 90–07

Spokane

Horseshoe Lake

44, 46–48, 51–64, 66–76, 78, 80–07

572,255

Spokane

Kaletz Creek

22

204,200

Spokane

Kuester Lake

38

21,000

Spokane

Liberty Lake

20–21, 33, 35–46, 48–49, 51–64, 67–84, 86–07

Spokane

Little Spokane River

13, 18, 22, 33–34, 36–45, 48–49, 51–53, 81, 95–96, 98, 01–02

797,352

Spokane

Little Spokane River

81, 83–84, 86–93

169,881

Spokane

Little Spokane River (West Branch)

38, 39

Spokane

Long Lake Reservoir

75–76, 82, 84–85, 90, 95

Spokane

Marshall Creek

13, 36, 38–39, 48–60

61,939

Spokane

Martins Lake

45, 52

14,800

Spokane

Meadow Lake

51

Spokane

Medical Lake

51, 59, 83, 84–85, 96, 00–07

Spokane

Mud Creek

74, 77–78

Spokane

Newman Lake

20–21, 37, 41, 48–49, 51–07

Spokane

North Silver Lake

73–88, 00, 03–04, 06–07

Spokane

Otter Creek

36

10,000

Spokane

Peone Creek

84

574

Spokane

Pine Creek

48

510

1,034,315
329,964

11,600

480
5,850
1,125,454

10,613,569

3,999
505,846

504
237,547
911
3,567,187
893,447
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Table 16.63 continued

Summary of rainbow stocked by county in eastern Washington, 1905–1923 and 1933–2007. (Page 42 of 53.)

County

Release Site

Years

Total

Spokane

Ring Lake

59–63, 66–71

Spokane

Scroggie Pond

96–99, 02, 06–07

Spokane

Silver Lake

50, 55, 57–58, 61–66, 68–74, 76–79, 81–07

9,351,381

Spokane

Spokane River

13–15, 17, 21, 35–41, 43–44, 48–49, 51–54, 74, 76–78, 98–02

1,720,065

Spokane

Spokane River

82, 87–94

Spokane

Spring Creek

51–53, 56

Spokane

Thompson Creek

22

225,000

Spokane

Unspecified Locations

09

65,000

Spokane

Wandermere Pond

44, 48, 81–82

34,738

Spokane

West Medical Lake

59–07

Spokane

Wethey Creek

39, 41, 44

64,307

Spokane

Wildrose Creek

41

40,940

Spokane

Williams Lake

37–45, 47–56, 58–81, 83–87, 89–94, 96, 98–07

Spokane

Subtotal:

Stevens

Bass Lake

98–99, 02–03

Stevens

Bayley Lake

75–79, 81, 83–84, 86, 90–00, 04, 06

Stevens

BC Mill Pond

81–86, 88–89

Stevens

Bear Canyon Ponds

04

Stevens

Bear Creek

42, 46–47, 51–52, 55

Stevens

Beaver Dam - Rabbit Trail

39

Stevens

Benjamin Lake

60, 62, 64–67, 69–70, 72–92

Stevens

Benson

90

1,548

Stevens

Bestrom Creek

50

13,950

Stevens

Big Sheep Creek

33–45, 47–48, 51–54, 56, 61–73, 77, 87–89, 91, 94–06

771,826

Stevens

Black Lake

15–17, 19–22, 33–40, 42, 44–45, 47–49, 51–56, 88–03

723,794

Stevens

Blue Lake

54–55, 84–85

Stevens

Boise Cascade

87

Stevens

Brown's Lake

15, 40, 45, 50, 52–54, 64–72

Stevens

Buck Lake

54–56, 58–59

8,480

Stevens

Cedar Creek

39

1,470

Stevens

Cedar Lake

52–95, 97–07

Stevens

Chamokane Creek

37–43, 46–54, 67, 82

217,976

Stevens

Chewelah Creek

15–17, 19–20, 36–47, 52–54, 61, 65, 70

447,105

Stevens

Clark Lake

65–69, 71

Stevens

Cloud Lake

52

500

Stevens

Clugston Creek

47

7,985

Stevens

Coffin Lake

39–40, 46–48, 00

Stevens

Cole Creek

56

Stevens

Colville River

14, 16, 18, 22, 34–37, 39, 43–49, 51, 61, 63, 70, 98–99, 05–06

593,934

Stevens

Colville River (Lower)

19–21

185,000

Stevens

Colville River (Upper)

19–20

70,000

109,900
21,764

84,894
4,136

7,402,798

6,665,709
68,004,349

1,698
14,988
3,758
225
71,383
1,500
147,623

7,115
638
184,920

1,058,902

77,730

35,975
1,000
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Table 16.63 continued

Summary of rainbow stocked by county in eastern Washington, 1905–1923 and 1933–2007. (Page 43 of 53.)

County

Release Site

Years

Total

Stevens

Cornwall Lake

54–56

4,045

Stevens

Cottonwood Creek

16, 38–43, 65

Stevens

Crown Creek

47, 50–51

Stevens

Crown Creek (East Fork)

88, 91

Stevens

Deep Creek

35–37, 39–47, 60, 62–64, 66–67, 82–83, 87, 89–94

610,590

Stevens

Deep Lake

43–44, 76, 79, 81, 95–96, 98–00, 02, 07

266,731

Stevens

Deer Creek

20

Stevens

Deer Lake

19, 21–22, 33–78, 80–86, 88–07

Stevens

Doe Lake

55

Stevens

Douglas Lake

42, 44, 46–48, 50, 52–61

51,434

Stevens

Dry Lake

51, 53, 59, 98

25,110

Stevens

Ebel Lake

99

Stevens

Echo Lakes

42–43, 46, 51

Stevens

Elbow Lake

5

2,940

Stevens

Elders Pond

67–68

3,115

Stevens

Ellen Lake

63

Stevens

Euders Pond

64, 66

Stevens

Evans Pond

50–53, 58–59, 61, 64, 66–68

16,355

Stevens

Fifteen Mile Creek

46, 47

67,750

Stevens

First Thought Lake

50, 52–58, 01–07

21,683

Stevens

Flat Creek

45, 47

58,997

Stevens

Floddelle Creek

51

24,840

Stevens

Fuhrman’s Pond

59, 61–65, 68–69

26,771

Stevens

Galbreath Pond

76–88

13,282

Stevens

Gilbert'S Lake

50, 52–60

20,485

Stevens

Gillette Lake

40, 78–79, 87–89, 93–94

44,304

Stevens

Gillette Lake

95–97, 05–07

20,156

Stevens

Graham Lake

4

Stevens

Grouse Creek

38–39

Stevens

Haller Creek

45

8,000

Stevens

Handy Meadows Creek

51

7,000

Stevens

Haney Mill Pond

66–68

3,335

Stevens

Hansen Creek

50

Stevens

Harvey Spring

50

Stevens

Hatch Lake

56, 64–77, 79–81, 83–86, 89–91, 93–01, 03, 06

Stevens

Hendrick Lake

54

Stevens

Heritage Lake

75–76, 78–79, 82–83, 88–89, 95–97, 05–07

Stevens

Howard Lake

41

Stevens

Huckleberry Creek

46–47

Stevens

Hunters Reservoir

52

Stevens

Hunters Creek

40, 43, 51, 64

Stevens

Hunters Pond

53–55

113,419
39,113
2,246

90,000
5,691,360
1,200

1,920
36,894

20,050
5,350

1,000
11,490

13,950
2,800
499,395
3,000
95,188
1,008
61,168
2,030
50,852
8,520
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Table 16.63 continued

Summary of rainbow stocked by county in eastern Washington, 1905–1923 and 1933–2007. (Page 44 of 53.)

County

Release Site

Years

Total

Stevens

Hurst Bp

01, 04, 07

1,140

Stevens

Jump Off Joe Lake

44, 46–61, 63, 65–77, 80, 86, 93, 98, 01–07

Stevens

Keough Lake

13

Stevens

Keogh Lake

89–90, 92–05

Stevens

Kettle Falls Reservoir

40

Stevens

Kettle River

46–48, 51

113,972

Stevens

Lake Roosevelt

61, 87–89, 91, 94

526,734

Stevens

Lake Thomas

15–16, 39–40, 42–44, 46–51, 75–76, 78–79, 82–83, 86–89, 92–94

435,576

Stevens

Lake Thomas

95–97, 05–06

Stevens

Lamar Lake

06

4,000

Stevens

Lane Mountain Pond

98–00, 02–07

4,034

Stevens

Lenz Lake

54–59

13,680

Stevens

Leo Lake

38–41, 46–47, 87, 89, 94

73,709

Stevens

Leslie Creek

43

7,988

Stevens

Little Boulder Creek

50

100

Stevens

Little Chamokane Creek

52

5,800

Stevens

Little Falls Dam

-

Stevens

Little Lake

54, 58

Stevens

Little Pend Oreille Lakes

19, 35, 39, 41–42, 47

Stevens

Little Pend Oreille River

77–79, 93–94, 96, 01–02

19,883

Stevens

Little Sheep Creek

38–41, 45, 54, 70

72,426

Stevens

Little Twin Lakes

45, 48–52, 54–57, 59–65

Stevens

Little Williams Lake

54

Stevens

Long Lake

74, 77, 79, 83

470,728

Stevens

Long Lake Reservoir

81, 83, 87, 90

468,541

Stevens

Loon Lake

20–22, 33, 35–07

Stevens

Lucky Duck Pond

4

Stevens

Matthews Lake

43, 60

Stevens

McCoy Lake

55–59, 62–69, 71, 78–79, 82, 86

Stevens

McDowell Lake

72–83, 89, 94–95, 97–98, 03–04, 07

Stevens

McKenzie Pond

59

1,600

Stevens

Meadow Creek

39

3,775

Stevens

Meadow Pond

95–96, 02, 04, 07

Stevens

Mill Creek

20, 36–49, 51–54, 56, 61–73, 78

Stevens

Mill Creek (North Fork)

50

Stevens

Mudgett Lake

64–85, 87–07

Stevens

Murphy Pond

64, 66–69

Stevens

Nancy Creek

54

Stevens

Narsece Creek

41, 42

Stevens

Nettleton Lake

47

5,980

Stevens

Nigger Creek

45

20,000

Stevens

Nile Lake

93

2,001

1,416,956
5,000
33,611
8,795

66,944

79,085
11,360
152,560

287,151
594

4,853,504
540
6,099
363,847
65,661

40,149
483,915
9,780
678,578
9,020
1,500
34,218
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Table 16.63 continued

Summary of rainbow stocked by county in eastern Washington, 1905–1923 and 1933–2007. (Page 45 of 53.)

County

Release Site

Years

Total

Stevens

Onion Creek

42, 46–47

Stevens

O'Toole Lake

40, 07

2,869

Stevens

Payee Creek

51, 53, 56

3,969

Stevens

Pend Oreille Lakes

17–22, 33–34, 36–37, 39–40

Stevens

Pepoon Lake

20, 94–00, 02–07

50,672

Stevens

Peterson Lake

59, 63–68

17,955

Stevens

Phalen Lake

46

Stevens

Phillips Lake

50–53, 55–57, 93

Stevens

Pierre Lake

36, 42–46, 79–82, 94–96, 98, 00, 02, 04, 07

Stevens

Potter Lake

71–79, 81–95, 97–07

Stevens

Pterodactyl Lake

91

Stevens

Quarry Pond

70, 73

2,108

Stevens

Raska Pond

01–05

2,691

Stevens

Rigley Lake

84–07

Stevens

Rocky Lake

40–48, 50–02, 05–07

Stevens

Rock Lake

15

25,000

Stevens

Ryan Lake

69, 72

10,995

Stevens

Sherry Lake

40, 78, 87–89, 91–94, 95–97, 05–07

71,364

Stevens

Silver Creek

39

2,450

Stevens

Springdale City Pond

99–06

4,108

Stevens

Starvation Lake

54–66, 68–83, 85–07

Stevens

Stranger Creek

46, 54

26,475

Stevens

Summit Lake

38, 40–41, 95–07

62,438

Stevens

Swede Lake

52–53, 56–57

10,360

Stevens

Taylor Lake

50, 52–69

44,552

Stevens

Toolu Creek

54

Stevens

Turtle Lake

52, 54–70, 72–92

184,267

Stevens

Twin Lakes

48, 53, 55, 66, 96

43,345

Stevens

Unspecified Locations

09

Stevens

Waitts Lake

13, 19–21, 35, 47–63, 65–69, 71–07

Stevens

White Mud Lake

54

Stevens

Williams Lake

46, 50–95, 97–01, 03–06

Stevens

Wilson Pond

50

Stevens

Woodward Meadows

90

Stevens

Subtotal:

Walla Walla

Apring (near Burlingame Bridge)

46

Walla Walla

Bennington Lake

53–76, 78–80, 94–07

Walla Walla

Blalock Lake

56–63

Walla Walla

Blue Creek

41–46, 76, 80–81, 84–86, 89–90

Walla Walla

Casey Pond

95–97

Walla Walla

College Place Pond

72, 74–81, 84–90, 92–95, 98–00

76,732

1,076,801

4,000
25,340
252,114
29,876
302

19,650
500,330

996,970

2,200

5,000
5,825,525
8,800
1,137,721
1,400
245
34,089,057

2,070
831,721
56,489
107,505
2,541
43,577
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Table 16.63 continued

Summary of rainbow stocked by county in eastern Washington, 1905–1923 and 1933–2007. (Page 46 of 53.)

County

Release Site

Years

Total

Walla Walla

Coppei Creek

38, 40–41, 43–46, 48–56, 58–59, 65–67, 69–73, 75–81, 84, 85–90, 92–94

Walla Walla

Copper Creek

17, 19

Walla Walla

Curlew Pond

58

Walla Walla

Dry Creek

13, 37–38, 40–41, 44–56, 58–59, 65–67, 69–73, 75–81, 84–90, 92–96

Walla Walla

Fern Creek

47

Walla Walla

Fish Hook Pond

68, 70, 72–78, 80–81, 84–90, 92–07

Walla Walla

Garrison Creek

15, 37, 40, 47–49

Walla Walla

Garry Pond

84

Walla Walla

Jefferson Park Pond

57–67, 69–72, 74–81, 84–90, 92–03, 06–07

73,753

Walla Walla

Lion Park Pond

73, 01–07

17,809

Walla Walla

Little Walla Walla River

46–47

19,254

Walla Walla

Mill Creek

14, 16–19, 21, 33, 35–59, 61–72, 75–81, 84–00, 04

Walla Walla

Mud Creek

44, 46–49, 53–55

52,237

Walla Walla

Pine Creek

46–47

15,971

Walla Walla

Pioneer Lake

37

2,500

Walla Walla

Private Ponds

18

5,000

Walla Walla

Quarry Pond

54–55, 59–81, 84–07

Walla Walla

Robinson Pond

58

1,000

Walla Walla

Russel Creek

48

1,638

Walla Walla

South Casey Pond

63–64

17,408

Walla Walla

Spring Creek

48–49, 51, 54–58

23,667

Walla Walla

Stone Creek

43, 47–49

14,250

Walla Walla

Thomas Creek

48

5,597

Walla Walla

Titus Creek

49, 53

8,966

Walla Walla

Titus Creek Lake

47–48, 50

3,872

Walla Walla

Touchet River

42

234,753

Walla Walla

Tucannon

42

24,950

Walla Walla

Tucannon Lake

49

44

Walla Walla

Tucker'S Juvenile Pond

60–66

4,792

Walla Walla

Unspecified Locations

09

5,000

Walla Walla

Welch Creek

49

2,251

Walla Walla

Wright Spring

46

2,070

Walla Walla

Yellow Hawk Creek

40, 44–49, 51–59, 61–62, 64–67, 70, 72

Walla Walla

Subtotal:

Whitman

Alkali Creek

41–52, 54–56, 58, 78, 86–90, 92–94

Whitman

Almota Creek

96–98

Whitman

Almota Creek

45

Whitman

Castle Lake

42–44

Whitman

Cherry Creek

44

3,000

Whitman

Cherry Creek Lake

47

3,200

Whitman

Colfax Reservoir

37

75

121,564
34,000
1,535
212,950
3,220
176,541
32,015
4,455

1,871,214

637,581

69,717
4,745,477

58,292
4,020
1,700
10,590
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Table 16.63 continued

Summary of rainbow stocked by county in eastern Washington, 1905–1923 and 1933–2007. (Page 47 of 53.)

County

Release Site

Years

Total

Whitman

Eaton Lake

47–48, 50

Whitman

Farm Pond

87

Whitman

Garfield Pond

60, 67, 69–70, 72–79, 81–82, 84–90, 92–96, 98–07

62,842

Whitman

Gilchrist Pond

76–79, 81–82, 84–90, 92–07

57,181

Whitman

Henderson Creek

48

1,000

Whitman

Hidden Lake

41

2,125

Whitman

Klemgaard Pond

90, 92

3,514

Whitman

Lacrosse Pond

35

3,000

Whitman

Lazy Pond

61–66, 68

Whitman

Miller Lake

47, 50, 51

Whitman

Miller Pond

53–60

20,386

Whitman

Ms Cannon Pond

55–61, 65–67

33,782

Whitman

Mud Flat Creek

52, 57–59, 78

5,201

Whitman

Negro Creek

38–39, 41–44, 46–48, 50–57

53,569

Whitman

Overflow at intake and end of
city water supply at Colfax

19

15,000

Whitman

Palouse River

17, 19, 39, 49–57

Whitman

Palouse River (Middle Fork)

14

Whitman

Pampa Creek

46–47

Whitman

Pampa Pond

47, 49–81, 83–84, 86–07

Whitman

Penawawa Creek

39, 45–47, 49, 51–57

Whitman

Pine Creek

44–45

Whitman

Rebel Flat Creek

56

Whitman

Riparia Pond

86–07

Whitman

Rock Creek

35–36, 39, 56

38,032

Whitman

Rock Lake

66–76, 78–07

1,719,165

Whitman

Silver Creek

54–56

9,590

Whitman

Smith'S Pond

71

5,000

Whitman

Thorn Creek

51–52

Whitman

Union Flat Creek

19, 36, 39, 41, 50–55, 57, 79–81, 84, 86–90, 92–07

Whitman

Union Springs

35

4,000

Whitman

Wall

42

6,300

Whitman

Weidrick Pond

77–78

Whitman

Willow Creek

36, 39, 41, 46, 48, 51, 55–56

Whitman

Wsu Laboratory

74

Whitman

Subtotal

Yakima

Ahtanum Creek

15, 35–36, 38–40, 42–81, 83

Yakima

Alder Creek

41

25,000

Yakima

Allen Pond

68–76, 78–79

11,269

Yakima

American Lake

81–85

Yakima

American River

34, 36–40, 44–79, 81, 84–85

18,992
503

15,495
8,457

134,845
20,000
3,840
323,333
46,869
5,500
840
34,533

1,487
86,412

1,313
13,068
52
2,836,103

748,727

14,073
713,682
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Table 16.63 continued

Summary of rainbow stocked by county in eastern Washington, 1905–1923 and 1933–2007. (Page 48 of 53.)

County

Release Site

Years

Total

Yakima

Angel

71

Yakima

Apple

39, 41, 45, 47

Yakima

Art Lake

91, 94, 00, 03, 06

Yakima

Ahtanum River

19

400,000

Yakima

Bachelor Creek

39, 40, 46–67, 69, 77, 80, 84, 90–93

158,392

Yakima

Bacon Creek

42, 47–48

18,330

Yakima

Barton Creek

49, 52

25,230

Yakima

Bear Creek

33–34, 39, 41, 43, 45, 49–59

239,700

Yakima

Bear Lake

43, 47, 49, 51–93, 95, 97–07

268,268

Yakima

Beaver Ponds

78–79, 81

Yakima

Bench

39, 41, 47–48, 51–52, 54, 56, 58, 60–61, 63, 65, 67

Yakima

Benton Creek

82

Yakima

Berglund Lake

74–89

135,421

Yakima

Big Twin Sister Lake

39, 41, 49, 52

101,778

Yakima

Bird Creek

40–41, 47, 51–53, 58, 61, 63, 65, 67, 74–85, 88–94

130,549

Yakima

Black Canyon Drain

50

630

Yakima

Bluff Lake

58

590

Yakima

Blankenship Lake

39–41, 44, 47, 52, 54, 61–62

Yakima

Blue Lake

43, 48, 52, 54, 58, 60, 62, 64–67, 69, 71, 73, 75, 79–06

76,371

Yakima

Boundary Lake

50, 52–55

13,000

Yakima

Brown Lake

91

Yakima

Buck Lake

52

4,665

Yakima

Buckskin Creek

71

30,730

Yakima

Bumping Gravel Pond

90

120

Yakima

Bumping Lake

14, 19–20, 33, 35, 38–44, 46–49, 54–98, 01–02, 07

5,646,129

Yakima

Bumping River

34, 36, 38–81

1,069,382

Yakima

Byron Ponds

53–54

Yakima

Campbell Drain

52

Yakima

Cedar Lake

49, 56

13,680

Yakima

Charlie'S Pond

48–56, 64–65

51,174

Yakima

Cirque Lake

38

14,950

Yakima

Cle Elum Gravel Pits

64

300

Yakima

Clear Creek

38–39, 41, 59–68

Yakima

Clear Lake

22, 33–34, 38–49, 51–91, 93–07

Yakima

Colonial Inn Ponds

67–73

Yakima

Conrad Lake

56, 58, 62

Yakima

Copper Creek

39

Yakima

Cost Creek

88

Yakima

Cougar Lakes

35, 40, 42, 45, 47, 49–50, 52, 54, 56, 58, 60, 62, 64, 66, 68, 71, 73, 79–80, 86

Yakima

Cougar Little

86

Yakima

Cowiche Creek

38–40, 43–49, 51–66, 68–71, 73–75, 78–81, 83

Yakima

Cowiche Creek (Middle Fork)

38

500
50,109
1,032

2,815
229,095
100

101,901

234

36,650
3,000

60,923
3,498,132
39,805
7,880
14,986
1,860
300,025
212
297,058
10,000
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Table 16.63 continued

Summary of rainbow stocked by county in eastern Washington, 1905–1923 and 1933–2007. (Page 49 of 53.)

County

Release Site

Years

Total

Yakima

Cowiche Creek (North Fork)

50, 57

3,589

Yakima

Cowiche Creek (South Fork)

38, 44–46

73,484

Yakima

Craig Lake

49, 56

22,350

Yakima

Cramer Lake

33, 38–42, 44, 47, 50, 52–55, 57–74, 76, 78–82, 84–07

Yakima

Crossings Retire Pond

99

Yakima

Crow Creek

39, 41

Yakima

Crow Lake

74

4,725

Yakima

Cup (Unnamed)

93

100

Yakima

Dairy Creek

47–48

33,126

Yakima

Deep Creek

42–43, 46

30,283

Yakima

Deer Lake

38, 40, 47, 50, 52, 54, 56, 58, 64, 66, 68, 70, 74, 76, 78

92,525

Yakima

Dewey Lake

34–35, 40, 48–49

63,274

Yakima

Diamond Lake

49, 51

23,540

Yakima

Dog Lake

38–42, 45, 47, 49–50, 57–93, 95–07

Yakima

Duck Lake

39

5,000

Yakima

Dumbell Lake

73, 80

5,050

Yakima

Elk Lake

35

Yakima

Ellensburg Gravel Pits

64

Yakima

Elton Lakes

69–91, 94–96, 98–07

Yakima

Emerald Circle Nursing Home

97–98, 02

200

Yakima

Emerson Pond

91–92

630

Yakima

Fenner Lake

85

Yakima

Firing Center Pond

64–76, 78–80, 85–92, 94–96, 98–07

91,548

Yakima

Fish Creek

33, 39

35,132

Yakima

Fish Lake

35, 40–42, 45–47, 49, 55, 58, 60–61

135,591

Yakima

Flat Iron Lake

38, 43–44, 48, 50, 52–53, 55, 57–76, 78–80, 83, 86, 89, 92, 94, 96, 98, 00,
02, 04, 06–07

187,113

Yakima

Foundation Creek

58

Yakima

Franklin Lake

71

Yakima

Freeway Lake

62–90

Yakima

Gadley Drain

51, 53–54

Yakima

Giffin Lake

53–57, 64–73, 75–93

Yakima

Ginnette LAke

89

Yakima

Golf Course Drain

51–54

Yakima

Goodsam House Db

99

112

Yakima

Goose Prairie Pond

72

1,000

Yakima

Gordon Lake

71–73

35,627

Yakima

Grandview Drains

39–40

8,395

Yakima

Granger Pond

62, 65, 75–80, 85–07

Yakima

Granite Creek

43

Yakima

Granite Lake

35, 40–41, 46–49, 52–54, 62–63, 65–67, 70–73, 75–76

Yakima

Grant Lake

64, 69

425,425
80
16,491

759,568

10,000
300
395,167

200

2,280
2,000
552,198
3,350
408,544
150
5,770

59,293
4,200
97,726
4,668

Table 16.63 continued on next page.
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Table 16.63 continued

Summary of rainbow stocked by county in eastern Washington, 1905–1923 and 1933–2007. (Page 50 of 53.)

County

Release Site

Years

Total

Yakima

Green Lake

35, 48, 50, 52, 54, 57–66, 68–71, 80–06

93,437

Yakima

Griffin Lake

69, 73–74, 76

56,802

Yakima

Harrah Marion Drain System

77, 81

4,940

Yakima

Harris Drain

49–50, 81

7,234

Yakima

Hatchery

87

4,500

Yakima

Hellroaring Lake

58

Yakima

Hill Lake

34–35, 50, 57, 58, 60–62, 64–66, 68, 70 83, 85, 87, 89, 91, 93, 95, 99, 01, 03, 05, 07

87,213

Yakima

Hollingsberry Lake

87

10,500

Yakima

Horseshoe Lake

41–42

32,220

Yakima

Howard Lake

35, 41

49,700

Yakima

I-82 Ponds

81–07

475,545

Yakima

Indian Creek

34, 39, 43, 47, 53, 63–71, 77

Yakima

Indian Flat Pond

91–92, 94–07

5,736

Yakima

Jensen Drain

52

3,000

Yakima

Kiona Pond

89

300

Yakima

Kiwanis Park Pond

92–93

222

Yakima

Klickitat River

41

Yakima

Kramer Ponds

66–70, 73–82

75,190

Yakima

Lavender Lake

78

10,025

Yakima

Leech Lake

41–42

48,390

Yakima

Legion Lake

71–73, 77

59,195

Yakima

Lilly Lake

41–42, 48, 50, 52–54, 57, 61, 63, 65

78,151

Yakima

Little Lake

87

Yakima

Little Cougar Lake

52, 75

Yakima

Little Lake

89, 91, 93, 95, 97, 99, 01, 03

Yakima

Little Naches River

34–36, 38–71, 73–75, 77, 80–81, 83–93

Yakima

Little Rattlesnake Bp

70, 72

Yakima

Little Rattlesnake River

35, 39, 44, 49–59, 61–63, 65–69, 71–73

88,654

Yakima

Little Twin Sister Lake

39, 41, 49

60,490

Yakima

Living Care Community Pond

97

60

Yakima

Logie Creek

46

5,388

Yakima

Long Lake

39, 43, 50, 52–55, 57, 59, 61–62

70,469

Yakima

Long Pond

87

10,000

Yakima

Lori Lake

67

Yakima

Lost Lake

39, 43, 47, 49–07

Yakima

Lynch Lake

37

Yakima

Lynne Lake

55–58, 60–70, 72, 95, 98–07

39,224

Yakima

McDonald Drain

48–51, 53–56

31,074

Yakima

Mair Pond

61

Yakima

Mal Lake

61–68, 70–71

Yakima

Marion Canal (Drain)

43–56, 75

541,760

Yakima

McDaniel Lake

50–51, 53–54, 56–61, 65–72, 74–76, 78–95, 97–07

215,804

800

52,568

182,917

100
14,165
1,591
784,187
1,840

500
467,067
4,160

800
20,958

Table 16.63 continued on next page.
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Table 16.63 continued

Summary of rainbow stocked by county in eastern Washington, 1905–1923 and 1933–2007. (Page 51 of 53.)

County

Release Site

Years

Total

Yakima

McDonald Pond

71

5,000

Yakima

McKinley Drain

51–54

8,900

Yakima

McKinley Lake

71

5,270

Yakima

Melba Lake

96, 00, 04

635

Yakima

Milk Creek

45, 63–70

40,195

Yakima

Milk Lake Pond

70–74, 79, 81

14,173

Yakima

Miriam Lake

90

59

Yakima

Mirror Lake

58

180

Yakima

Morgan Lake

55–65, 67, 72

Yakima

Morning Drain

50

1,439

Yakima

Morrier Pond

50

252

Yakima

Morse Creek

38–39

12,993

Yakima

Mount Adams Lake

34

18,000

Yakima

Moxee Creek

60–64

10,805

Yakima

Mt. Adams Lake

99, 01–02, 06–07

Yakima

Mud Lake

49, 54–07

267,362

Yakima

Myron Lake

74–07

162,852

Yakima

Naches Beaver Ponds

57, 63

Yakima

Naches Drain

48–54, 56, 61–62

Yakima

Naches Ranger Pond

70

Yakima

Naches River

19, 33–37, 39–93

Yakima

Naches River (upper)

19

Yakima

Naches Sportsman Pond

96, 96–99, 01–07

2,385

Yakima

Negro Lake Drain

50

1,980

Yakima

Nelson Springs

91–92

Yakima

Nile Creek

39, 44, 47–51, 53–68, 70–73, 77

115,881

Yakima

Oak Creek

43–81, 83–93, 95–96

209,875

Yakima

Oak Creek Lake

36

Yakima

Otter Creek

38–39, 41, 44, 47, 58, 61

Yakima

Parkside Nursing Home Pond

97, 99–01

Yakima

Pear Lake

38–39, 41, 45, 47

Yakima

Phantom Lake

83, 86, 89, 92–93, 95, 99, 01–02, 04, 06

Yakima

Pillar Lake

50, 58, 61, 63, 65–66, 68, 70–72, 76, 83, 85, 87, 89, 91, 93, 95, 99, 01, 03, 05, 07

Yakima

Pleasant Lakes

62, 87, 89, 91, 93, 95, 97, 03, 06

Yakima

Ponderosa Retirement Home Pond

99

Yakima

Quartz C Pond-Naches

95–07

3,516

Yakima

Quartz Creek

53–54, 87–88, 90–93

8,135

Yakima

Rattlesnake River

34, 36, 38–39, 51–67, 69

Yakima

Ravensdale Lake

85

2,000

Yakima

Rest Haven Gravel Pits

61

4,000

Yakima

Resthaven Lake

66–72

Yakima

Richmond Lake

61, 64, 90, 93, 96, 00, 03, 05, 07

211,534

5,342

3,015
16,339
999
4,910,036
37,800

711

3,000
69,039
361
67,896
1,677
40,975
2,101
80

135,276

82,385
7,617

Table 16.63 continued on next page.
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Table 16.63 continued

Summary of rainbow stocked by county in eastern Washington, 1905–1923 and 1933–2007. (Page 52 of 53.)

County

Release Site

Years

Total

Yakima

Rimrock Lake

33–36, 38–47, 49–53, 67, 74–78, 81, 84, 87–92, 95–96, 00

Yakima

Rock Creek

34, 36, 39

24,979

Yakima

Root Lake

40, 49, 61, 64, 84, 88, 90, 92, 94, 96, 97, 00, 02, 04, 06

24,750

Yakima

Rotary Lake

88–07

Yakima

Samaritan House Db

98

Yakima

Sarg Hubbard Pond

88–07

Yakima

Satus Creek

19, 46–51, 74–76, 78

Yakima

Scott Stevens Creek

18

26,965

Yakima

Selah Gravel Pit Ponds

67–72, 74–83

49,011

Yakima

Selah Pond

50, 60–68, 70, 73

Yakima

Shellrock Lake

35, 37–42, 47, 50, 52–55, 57–73, 76, 79, 81, 84, 87, 90, 93, 96, 99, 02, 05

Yakima

Shotts Creek

17

38,553

Yakima

Simpo Creek

19

40,000

Yakima

Snowplow Lake

39, 57, 59, 61, 64, 66, 74, 82–83, 86–90, 92–06

Yakima

Sportsman Park Ponds

46–63, 68–71, 77, 82–94

Yakima

Spring Creek

39–40, 43, 45–49, 51, 69, 75–76, 86–89, 99, 01–03

57,840

Yakima

Stevens Drain

51, 53–56, 81

10,357

Yakima

Streams on W.L. Steinweg's farm

19

Yakima

Stover Creek

58–63, 88

Yakima

Summit Lake

35

Yakima

Sunbridge Care Pond

1

Yakima

Sunnyside Drain

43–66

Yakima

Swamp Creek

51

Yakima

Swamp Lake

35, 39–40, 45, 47, 49, 52, 54, 56, 58, 60, 63–64, 66, 68, 70–71, 73, 76, 78–80, 98, 03, 07

Yakima

Taylor Pond

74

1,000

Yakima

Teanaway River

72, 76

3,504

Yakima

Thunder Lake

60–65

8,636

Yakima

Tieton Creek

53

Yakima

Tieton Ranger Pond

64–66, 68–69, 71–76, 78–07

Yakima

Tieton River

37–40, 42–81, 83–93, 95–98, 00

Yakima

Tieton River (North Fork)

38–39, 47–50, 52–57, 59–76, 79–81, 83–89

124,213

Yakima

Tieton River (South Fork)

33–34, 36, 38, 48–76, 79–81, 83–92

197,500

Yakima

Tims Pond

68–78, 80–96, 98–07

Yakima

Toppenish Creek

74, 76, 78

9,521

Yakima

Toppenish Creek Drains

42–45, 47

90,940

Yakima

Trout Creek

41

10,000

Yakima

Tumack Creel

35

10,000

Yakima

Twenty-Five Mile Creek

41

Yakima

Twin Sisters Lake

22, 34–35, 40, 42, 47

Yakima

Twin Sisters Pots

86

Yakima

Two Lakes

35, 41

Yakima

Tye Pond

61

2,880,503

307,161
42
47,462
154,035

89,194
293,170

39,079
112,273

200,000
5,690
20,000
49
308,247
3,855
254,707

700
69,396
1,575,763

77,488

25,640
134,406
400
108,480
1,500

Table 16.63 concluded on next page.
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Table 16.63 concluded

Summary of rainbow stocked by county in eastern Washington, 1905–1923 and 1933–2007. (Page 53 of 53.)

County

Release Site

Years

Total

Yakima

Union Creek

38

10,000

Yakima

Unnamed Lake

33, 37, 43, 47, 49, 76, 78, 81, 83–85, 87–89, 91–95, 99–00, 03, 06

53,038

Yakima

Webbs Spring

87

10,000

Yakima

Wenas Creek

39–40, 44–47, 49–73, 78, 81–94

Yakima

Wenas Lake

19, 42–48, 50–81, 95–07

Yakima

Whitstran Creek

59

Yakima

Wide Hollow Creek

39–40, 42–87, 89–92, 95–96, 98–05

Yakima

Wildcat Creek

33, 52

27,000

Yakima

Wildcat Lake

52, 58, 79, 83, 86, 89, 92, 95, 97, 01, 04, 07

10,041

Yakima

Willoughby’s Pond

50, 51

6,298

Yakima

Wilson Creek (Gravel Pit)

45

3,807

Yakima

Yakima Convalescent Home Pond

97

60

Yakima

Yakima Drains

39–40

Yakima

Yakima River

44–50, 53–68, 73, 76, 81

Yakima

Yakima Sportsman Pond

64–67, 70–76, 78–81, 95–96, 98–07

30,136

Yakima

Zillah Winery Pond

90–93, 95–96, 98–07

12,078

Yakima

Subtotal:

Yakima

TOTAL:

918,249
2,721,594
1,040
242,983

4,000
329,938

40,174,478
557,244,690

Palmer Lake (n = 2,049,299), Patterson Lake
(n = 1,680,488), Pearrygin Lake (n = 5,043,796), Sidley
Lake (n = 2,032,939), Spectacle Lake (n = 7,606,491),
Wannacut Lake (n = 4,002,819) and Whitestone Lake
(n = 1,025,809).

and Northwestern Lake (n = 4,159,382). Other
locations that received large plants of rainbow
included: Rowland Lake (n = 981,384), Spearfish Lake
(n = 986,077) and White Salmon River (n = 966,425).
13. Lincoln County: A total of 9,175,622 rainbow were
planted at 54 locations and 37,490 steelhead were
stocked at one location (Fourth of July Lake).
Locations that received more than 1 million rainbow
trout included: Deer Springs Lake (n = 1,087,672),
Fishtrap Lake (n = 2,462,696). Other locations
receiving large plants of rainbow trout, included:
Crab Creek (n = 644,758), Hawk Creek (n = 514,325),
Pacific Lake (n = 771,283), Twin Lake (n = 242,160)
and Wilson Creek (n = 173,353). Sprague Lake occupies both Adams and Lincoln Counties and was
included with Adams County.

15. Pend Oreille County: A total of 21,642,207 rainbow trout were planted at 90 locations and 278,505
steelhead were planted at 6 locations. Most steelhead
were planted in Bead (n = 113,246) and Marshall
(n = 88,000) lakes. Locations planted with more
than 1 million rainbow trout included: Davis Lake
(n = 1,206,140), Diamond Lake (n = 5,931,496),
Pend Oreille River (n = 1,055,303), Sacheen Lake
(n = 2,136,616) and Sullivan Lake (n = 2,320,922).
Other locations receiving large rainbow plants
included: Crescent Lake (n = 462,893), Fan Lake
(n = 348,944), Horseshoe lake (n = 335,387), Marshall
Lake (n = 430,844), Mill Pond (n = 461,085), Power
lake (n = 731,489), Tacoma Creek (n = 335,393) and
Trout Lake (n = 529,607).

14. Okanogan County: A total of 68,458,520 rainbow trout
were planted at 273 locations and 18,320,240 steelhead were planted at 31 locations. Locations receiving more than 1 million steelhead included Chewack
River (n = 1,143,754), Methow River (n = 10,333,087),
Okanogan River (n = 1,654,134), Similkameen River
(n = 2,344,508) and Twisp River (n = 1,504,823).
Locations receiving more than 1 million rainbow trout
included: Alta Lake (n = 3,292,206), Big Twin lake
(n = 1,480,526), Bonaparte Lake (n = 1,228,952), Buffalo
Lake (n = 1,849,850), Conconully Lake (n = 11,593,314),
Davis Lake (n = 1,036,433), Fish Lake (n = 2,149,977),
Leader Lake (n = 1,326,630), Methow River and
its North, South and West Forks (n = 1,409,578),

16. Skamania County: A total of 59,758,976 rainbow
trout were planted at 174 locations and 11,937,185
steelhead were planted at 23 locations. Most steelhead were planted in Rock Creek (n = 1,123,946),
Washougal River and its West Fork (n = 5,565,352),
and Wind River (n = 2,447,488). Locations receiving plants of more than 1 million rainbow
trout, included: Spirit Lake (n = 1,610,295), Swift
Creek (n = 1,329,205) and Swift Creek Reservoir
(n = 44,327,540).
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17. Spokane County: A total of 68,004,349 rainbow
trout were planted at 59 locations and 104,290
steelhead were planted at two locations (Badger
and Liberty lakes). Locations receiving plants
totaling more than 1 million rainbow trout included: Amber Lake (n = 2,432,984), Badger Lake
(n = 5,813,244), Chapman Lake (n = 1,477,309), Clear
Lake (n = 8,061,292), Downs Lake (n = 1,034,315),
Fishtrap Lake (n = 2,705,430), Hog Canyon lake
(n = 1,125,454), Liberty Lake (n = 10,545,069),
Newman lake (n = 3,480,187), Silver Lake
(n = 9,351,381), Spokane River (n = 1,360,766), West
Medical Lake (n = 7,402,798) and Williams Lake
(n = 6,665,709).
18. Stevens County: A total of 34,089,057 rainbow
trout were planted at 136 locations and 344,765
steelhead trout were planted at 7 locations. Most
of the steelhead were planted in the Colville River
(n = 101,125), Loon Lake (n = 61,986), and Deer Lake
(n = 48,314). Locations that received plants of more
than 1 million rainbow trout included: Cedar lake
(n = 1,058,902), Deer Lake (n = 5,471,360), Jumpoff
Joe Lake (n = 1,416,956), Loon Lake (n = 4,613,504),
Waitts Lake (n = 5,548,525) and Williams Lake
(n = 1,137,721).
19. Walla Walla County: A total of 4,745,477 rainbow
trout were planted at 35 locations and 4,469,278
steelhead at 8 locations. Most of the steelhead were
released in the Walla Walla River (n = 3,382,204) and
Mill Creek (n = 944,398). All plants in the Touchet
River were discussed under Columbia County.
(The Touchet River flows through both counties.)
Large numbers of rainbow trout were planted
in Bennington Lake (n = 831,721), Coppei Creek
(n = 154,564), Dry Creek (n = 121,092), Fishhook Pond
(n = 176,541), Mill Creek (n = 1,488,864), Quarry Pond
(n = 637,581), and Touchet River (n = 234,753).
20. Whitman County: A total of 2,836,103 rainbow trout
were planted at 37 locations and 1,931,720 steelhead
were planted at 3 locations. Most of the steelhead
were planted in Rock Lake (n = 1,262,342) and Snake
River (n = 655,553). Most of the rainbow trout were
planted in Rock Lake (n = 1,719,165) and Pampa Pond
(n = 323,333).
21. Yakima County: A total of 40,174,478 rainbow
trout were planted at 225 locations and a total of
3,853,418 steelhead were planted at 37 locations.
Most of the steelhead were planted in the Naches
River (n = 1,901,478), or Yakima (n = 702,712) rivers. Locations that received plants of more than
1 million rainbow trout included: Bumping Lake
(n = 5,478,129), Bumping River (n = 1,069,382), Clear
Lake (n = 3,498,132), Naches River (n = 4,080,036),
Rimrock Lake (n = 2,880,503), Tieton River and it’s
North and South Forks (n = 1,897,476), and Wenas
Lake (n = 2,651,594).
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Commencing in 1986, WDFW began stocking rainbow trout
into net pens at Seven Bays on Lake Roosevelt. This program
has gradually expanded, so that by 2006 about 250,000 coastal
rainbow trout per year were released from seven net pen sites
at Kettle Falls, Gifford (Hall Creek), Hunters, Two Rivers, Seven
Bays, Lincoln, and Keller. Efforts were also undertaken to go enhance wild interior (redband) rainbow trout by improving habitat
in tributary streams. Electrofishing and gillnet data collected by
the Spokane Tribe’s Department of Natural Resources from 1988–
2008 indicated that the relative abundance of rainbow trout in
Lake Roosevelt averaged (ranged) 9.1% (1.8–19.4%) (Table 16.64).
Relative abundance was exceptionally low (1.8%) in 1997, which
correlated with extremely high runoff conditions that flushed most
of the rainbow out of Lake Roosevelt that year. From 1999–2004,
WDFW captured 195 rainbow trout among 1,838 total fish (relative
abundance = 10.6% rainbow trout) in gill net surveys conducted in
the limnetic zone of Lake Roosevelt (Baldwin and Polacek 2002;
Baldwin et al. 2005, Baldwin and Woller 2006a, 2006b). Rainbow
trout captured during electrofishing and gillnet surveys were comprised of approximately 67% hatchery coastal rainbow trout and
33% non-marked, presumably wild, interior (redband) rainbow
trout.
At the Two Rivers Trout and Salmon Derby, held at the Two
Rivers Marina at confluence of the Spokane and Columbia Rivers
each August from 2000 to 2011, a total of 1,296 participants had
weighed in 5,737 rainbow trout, an average of 4.4 rainbow trout per
angler (Table 16.65). This number included 4,474 marked hatchery
fish (91%) that averaged (ranged) 345 (207–613) mm [13.6 (8.1–24.1)
inches] TL and 528 (157–2,253) g [0.85 (0.25–4.1) lb] in weight and
441 (9%) unmarked fish that averaged (ranged) 427 (264–613) mm
[16.8 (10.4–22.2) inches] TL and 965 (191–2028) g [1.5 (0.3–3.25)
lbs] in weight (Table 16.64). The hatchery fish were all coastal rainbow marked by clipping the adipose fin. The unmarked fish were
presumed to be mostly wild interior (redband) rainbow trout that
made adfluvial migrations into the lake from tributary streams.
These data suggest that anglers are harvesting predominantly
hatchery fish.
Prior to this enhancement effort in 1980, anglers made 56,496
trips to Lake Roosevelt and fished 256,491 hours to catch 1,517
rainbow trout (Harper et al. 1981). Fewer than 1,000 rainbow trout
were caught with similar effort in 1982 (Beckman et al. 1985). The
economic value of the Lake Roosevelt fishery in 1980 and 1982
was approximately 1.5 million dollars per year. In contrast, from
1988–2008, anglers made an average of 256,245 trips per year and
fished an average of 1,109,291 hours per year to catch an average
of 173,584 rainbow trout and harvest an average 169,978 rainbow
trout per year (Table 16.65). Assuming that number included 91%
hatchery fish and 9% wild fish, as indicated by the data from the
Two Rivers tournament, the harvest of hatchery rainbow would be
about 147,400 annually and the harvest of wild rainbow would be
about 14,578 annually. The economic value of this fishery was calculated by multiplying the number of anglers trip each year by the
overall amount spent each day by anglers in eastern Washington.
This number was estimated at intervals of about 5 years by the U.S.
Fish and Wildlife Service and usually ranged from $26.00–28.00.
The number was adjusted annually by using the consumer price
index. This economic value of the Lake Roosevelt fishery during
this 21 year interval (1988–2008) averaged (ranged) 7.4 (1.3–20.7)
million dollars (Table 16.66).
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The rainbow trout population occupying Little Falls Reservoir
on the Spokane River between Little Falls (RKM 46) and Long Lake
(RKM 54) dams, was estimated in 1991 and 1992 using the Schnabel
multiple census method (Heaton, 1992). Estimated population
(±95% CI) was 741 (477–793) rainbow trout age 1 and older. Density
was approximately 93 rainbow trout/km. It is unknown if the Little
Falls population represents a native redband population or was derived from coastal steelhead.
Rainbow trout were rare in Long Lake Reservoir (RKM 54–98).
None were captured during electrofishing and/ or gill net surveys
conducted by Earnest (1971) (n = 46 fish examined), Foster (1977,
n = 59 fish examined) or Bennett and Hatch (1991, n = 9,275 fish
examined). Four rainbow trout, 112–310 mm TL, were collected
among 5,791 total fish, in a study conducted by WDFW in 2001
(Osborne et al. 2003). During the WDFW study, 17.3 hours electrofishing effort, 56 gill net sets and 52 fyke net sets were made to
sample fish (Osborne et al. 2003).
Kleist (1987) surveyed Nine Mile Reservoir, Spokane River
(RKM 93–101), by conducting electrofishing and gill netting surveys in 1987. He captured 3 rainbow trout among 87 total fish
sampled. Kleist also surveyed the free flowing section between the
head of Nine Mile Reservoir and Monroe Street Dam by angling.
He captured 37 rainbow trout, 222–483 mm TL, among 60 total fish.
Other species captured included 10 brown trout, 301–469 mm TL,
10 northern pikeminnow, 2 redside shiners, and 1 cutthroat trout.
In 1991, Washington Water Power (WWP) crews made 3 passes
through Nine Mile Reservoir in May, September, and December
using a boat electrofisher and collected 22 rainbow trout among
534 total fish (Smith 1992). In 1992, WWP surveyed Nine Mile
Reservoir in July and collected 5 rainbow trout among 238 total fish
(Johnson 1993). Also in 1992, WWP conducted electrofishing surveys between the head of Nine Mile Reservoir and Monroe Street
Dam collected 46 rainbow trout among 1,472 total fish. Other species collected included 1,059 suckers, 350 mountain whitefish, 4
brown trout, 10 chiselmouth, 2 northern pike minnow, 1 Chinook
salmon and 1 white sturgeon.
In 2002, WDFW conducted boat electrofishing (n = 3.0 hours),
littoral gill net surveys (n = 16 net nights) and limnetic gill net surveys (n = 10 net nights) in Nine Mile Reservoir and captured 106
rainbow trout, 83–493 mm TL, among 1,290 total fishes (McLellan
2003). Also in 2002, WDFW conducted drift boat electrofishing
surveys (0.98 hours) in the free flowing section between the head
of Nine Mile Reservoir (RKM 101) Monroe Street Dam (RKM 118),
and caught 28 rainbow trout, 197–410 TL, among 239 total fish
(McLellan 2003a). In 2003, WDFW repeated the drift boat survey
in the free flowing section and captured a total of 660 fish with 2.74
hours of electrofishing effort. This number included 88 rainbow
trout, 135–413 mm TL (McLellan 2004).
In the segment of the Spokane River between Nine Mile Dam
(RKM 93) and Monroe Street Dam (RKM 118), a creel survey was
conducted during the 1992 fishing season (26 April–31 October,
1992). This segment contained the free flowing section of the
Spokane River between the head of Nine Mile Reservoir (RKM 101)
and the tailrace of Monroe Street Dam (RKM 118). Data collected
during this survey were not expanded and represent only anglers
actually contacted by creel clerks. Anglers fished 1,513 hours to
catch 480 rainbow trout and 93 mountain whitefish (Smith et al.
1992).

Table 16.64

Total numbers and relative abundance of rainbow
trout captured during electrofishing and gillnet surveys conducted on Lake Roosevelt by the Spokane
Tribe of Indians 1988–2005.

Year

# rainbow
trout caught

Total # fish
caught

Relative
abundance (%)

1988¹

318

3,569

8.9%

1989¹

396

7,348

5.4%

1990²

248

8,561

2.9%

1991³

373

8,107

4.6%

1992⁴

225

3,590

6.3%

1993⁵

186

1,816

10.2%

1994⁶

563

8,754

6.4%

1995⁷

502

10,044

5.0%

1996⁸

209

3,162

6.6%

1997⁹

191

10,601

1.8%

1998¹⁰

1309

9,327

14.0%

1999¹¹

406

2,091

19.4%

2000¹²

233

1,685

13.8%

2001¹³

278

1,814

15.3%

2002¹⁴

246

1,638

15.0%

2003¹⁵

178

1,986

9.0%

2004¹⁶

239

2,725

8.8%

2005¹⁷

197

2,046

9.6%

2006¹⁸

217

2,097

10.3%

2007¹⁹

265

2,458

10.8%

2008²⁰

197

2,046

9.6%

Total

6,976

95,465

7.3%

Mean

332

4,546

7.3%

References: ¹Peone et al. (1990); ²Griffith and Scholz (1991); ³Thatcher
et al. (1993); ⁴Thatcher et al. (1994); ⁵Underwood and Shields (1996);
⁶Underwood et al. (1996); ⁷Underwood and Shields (1997); ⁸Chichoz et
al. (1998); ⁹Chichoz et al. (1999); ¹⁰Spotts et al. (2002); ¹¹McLellan et al.
(2003); ¹²Lee et al. (2003); ¹³Scofield et al. (2004); ¹⁴Fields et al. (2004);
¹⁵Pavlik-Kunkel et al. (2005); ¹⁶Lee et al. (2006); ¹⁷Scofield et al. (2007);
¹⁸Pavlik-Kunkel et al. (2008); ¹⁹Lee et al. (2010); ²⁰Miller et al. (2011).

In 1995, WDFW entered into a Memorandum of Agreement
(MOA) with the Washington Water Power Company (now Avista
Utilities), Trout Unlimited, the Inland Empire Fly Fishers and
Spokane Fly Fishers to stock 65,000–75,000 rainbow (2–3 inches
in length) into this segment of the river annually between 1995 and
1997. Additionally, Avista Utilities provided funds for stocking approximately 5,000 rainbow trout (8–10 inches in length) marked
with an adipose clip annually. Avista Utilities conduced creel surveys, annually from June–September in 1996, 1997 and 1999 to
evaluate this stocking (Avista Utilities 2000). During each survey
year 36–39 surveys dates were randomly selected. The survey was
stratified into three time periods (morning, mid-day or evening).
In each year 12 or 13 surveys were conducted during each time period. A total of 412 anglers were interviewed (Avista Utilities 2000).
Collectively, they fished a total of 352 hours to catch 277 rainbow
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Table 16.65

Data from Two Rivers (Lake Roosevelt) trout and salmon derby pertaining to rainbow trout.

Year

# anglers

Hatchery/
Wild

# rainbow
caught

Mean TL
(mm)

Range TL
(mm)

Mean
Wt (g)

Range wt
(g)

2000

104

Total

405

316

242–556

398

159–1678

2001

216

Hatchery

729

327

207–551

432

157–1,672

Wild

0

-

-

-

-

2002

2003

2004

2005

2006

2007

2008

2009

Total

Average

250

256

240

230

210

426

228

226

2,386

239

Total

729

327

207–551

432

157–1,672

Hatchery

447

365

234–585

663

272–2,553

Wild

82

447

293–535

1,010

308–1660

Total

529

378

234–585

715

272–2,553

Hatchery

1,418

317

233–514

391

195–1,415

Wild

240

436

291–525

863

414–1,279

Total

1,658

335

233–525

464

195–1,415

Hatchery

949

360

225–565

586

186–1,760

Wild

65

423

264–564

870

191–1,572

Total

1,014

364

225–507

6,004

186–1,760

Hatchery

931

357

256–613

570

195–2,365

Wild

54

470

335–542

1,112

426–2,028

Total

985

363

256–613

601

195–2,365

Hatchery

619

355

200–514

619

101–2,055

Wild

35

460

285–635

1,006

208–2,638

Total

654

361

200–635

583

101–2,638

Hatchery

388

351

288–414

533

214–852

Wild

52

433

284–582

919

179–1,319

Total

440

361

284–582

579

179–1,319

Hatchery

251

339

231–447

490

200–1,070

Wild

84

443

271–573

1,043

201–1,962

Total

335

365

231–573

630

200–1,962

Hatchery

810

328

259-397

431

185-677

Wild

16

400

211-525

781

201-1399

329

211-589

437

185-1674

Total

826

Hatchery

6,542

Wild

628

Total

7,575

Hatchery

727

Wild

70

Total

758

trout, 1 brown trout, 12 mountain whitefish and 58 other fish. The
total catch of rainbow trout was composed of 68 unmarked rainbow trout, (either wild produced trout of from WDFW fry plants),
176 adipose fin clipped rainbow (from Avista plants) and 33 unknown rainbow. Based on the survey results, it was concluded that
stocking fry did not improve the fishery over what could be expected from natural production alone but that stocking 8–10 inch
rainbow could improve angler success.
Small et al. (2007) investigated the genetics of rainbow trout
populations in the Spokane Basin and concluded that most of the
1314

rainbow captured in the segment between Nine Mile Dam and
the Monroe Street Dam were indigenous redband trout. However,
WDFW has stocked both coastal rainbow and Phalon Lake stock
redband trout in this section of the river.
In the segment of the Spokane River between Monroe Street
Dam (RKM 118) and Upriver Dam (RKM 128) a creel survey was
conducted during the 1992 fishing season (26 April–31 October,
1992) (Smith et al. 1992). This segment is planted with hatchery
coastal rainbow trout by WDFW. Data collected during the survey
were not expanded and represent only anglers actually surveyed by
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Table 16.66

Creel survey data on rainbow trout from Lake Roosevelt, 1988–2005.
Year

# angler
trips

# angler
hours

# rainbow
trout caught

# rainbow
trout harvested

Economic Value
(millions)

1988¹

70,308

261,913

96,908

86,107

2.0

1989¹

179,871

546,397

121,023

65,515

5.2

1990²

171,765

539,742

81,562

79,683

5.3

1991³

398,408

1,094,022

81,529

73,777

12.8

1992⁴

291,380

992,893

167,156

140,609

9.7

1993⁵

594,508

2,500,183

403,277

398,943

20.7

1994⁶

499,736

1,926,905

499,460

499,293

19.2

1995⁷

231,202

1,349,529

125,958

129,939

8.7

1996⁸

176,763

744,861

76,914

76,782

7.6

1997⁹

146,264

744,861

5,356

5,356

5.0

1998¹⁰

196,775

1,003,551

233,036

226,809

8.0

1999¹¹

230,513

1,038,104

197,115

232,019

6.1

2000¹²

170,930

858,068

117,210

104,164

4.9

2001¹³

132,046

713,049

112,171

92,029

3.7

2002¹⁴

433,917

2,224,856

186,004

166,425

11.9

2003¹⁵

305,187

1,522,522

317,725

281,370

8.6

2004¹⁶

337,746

1,658,344

277,231

236,443

9.7

2005¹⁷

45,092

247,439

24,885

20,339

1.3

2006¹⁸

57,460

324,726

-

19,105

1.7

2007¹⁹

42,934

217,698

-

12,448

1.4

2008²⁰

45,357

203,485

-

14,071

1.5

Total

4,758,162

20,713,148

3,124,520

2,961,226

155.0

Mean

226,579

986,340

173,584

141,011

7.4

References: ¹Peone et al. (1990); ²Griffith and Scholz (1991); ³Thatcher et al. (1993); ⁴Thatcher et al. (1994); ⁵Underwood and Shields (1996);
⁶Underwood et al. (1996); ⁷Underwood and Shields (1997); ⁸Chichoz et al. (1998); ⁹Chichoz et al. (1999); ¹⁰Spotts et al. (2012); ¹¹McLellan et al. (2003);
¹²Lee et al. (2003); ¹³Scofield et al. (2004); ¹⁴Fields et al. (2004); ¹⁵Pavlik-Kunkel et al. (2005); ¹⁶Lee et al. (2006); ¹⁷Scofield et al. (2007); ¹⁸Pavlik-Kunkel et
al. (2008); ¹⁹Lee et al. (2010); ²⁰Miller et al. (2011).

creel clerks. Anglers fished 5,826 hours to catch 383 wild (presumably) rainbow trout, 575 hatchery (coastal) rainbow trout, and 270
mountain whitefish.
In electrofishing surveys conducted in May 1992, WWP biologists collected 33 rainbow trout, 668 mountain whitefish, 5
northern pike minnow, 2 northern pike, and 1 brown trout in the
Spokane River between Monroe Street Dam (RKM 118) and Upriver
Dam (RKM 128) (Johnson 1993).
In 2007, WDFW conducted electrofishing and gillnetting survey
in the Spokane River between Upper Falls Dam (RKM 120) and
Upriver Dam (RKM 129) (O’Connor and McLellan 2008b). Twentynine redband rainbow trout (71–419 mm TL), 7 hatchery rainbow
trout (240–268 TL), 2 brown trout (396–578 mm TL), 18 mountain whitefish (140–397 mm TL), 128 northern pike minnow (155–
498 mm TL), and 12 redside shiners (89–218 mm TL) were collected.
Of 9,175,622 total rainbow trout stocked by WDFW in Lincoln
County, 2,452,090 were stocked in Fishtrap Lake, 2,462,696 were
stocked in Fourth of July Lake, and 1,087,672 were stocked in Deer
Springs Lake. Among these, only Deer Springs Lake has been sampled. Rainbow trout (n = 34) 131–509 mm TL, were among 608 total
fish sampled during electrofishing, gill net, and fyke net surveys

(Moran and Divens 2006). Also, Upper and Lower Twin Lakes have
received plants totaling 242,160 rainbow trout and Coffeepot Lake
has received plants totaling 68,499 rainbow trout. At Coffeepot
Lake, rainbow trout make a short adfluvial migration up the inlet
tributary (Lake Creek) where they spawn below a fall <1 km above
the lake. Rainbow trout (n = 42), 247–446 mm TL, were among
2,773 total fish collected at Twin Lakes (Divens and Osborne 2005).
Rainbow trout (n = 46), 131–509 mm TL, were among 1,960 total
fish collected at Coffeepot Lake in May and October 1989 (Divens
and Phillips 2002).
Sprague Lake, Adams and Lincoln Counties, was rehabilitated
by treatment with rotenone in October of 1985. Subsequently, it was
stocked with a combination of rainbow trout, Lahontan cutthroat
trout, largemouth bass, smallmouth bass, bluegill, walleye and
channel catfish. The cost of the rehabilitation including the manpower, boat operations, and rotenone powder totaled $ 114,000.
Between 1986 and 1999 WDFW stocked a total of 1,301,885 fingerling and 756,618 catchable rainbow trout into Sprague Lake (Table
16.63). Stocking densities of rainbow trout were greatest in the
years immediately following the rehab, averaging 207,000 fingerlings and 137,000 catchables per year from 1986–1989. The intent of
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WDFW was to establish an interim rainbow trout fishery while the
warm water species gradually established natural spawning populations within the lake and increased in abundance. In recent years
comparatively fewer rainbow were stocked. For example, in 2002
and 2003 Sprague Lake was stocked with about 45,000 fingerling
and 25,000 catchables (Schmuck and Peterson 2006).
In 1986, 200 of 419 total fish collected (47.7%) during electrofishing and gill net surveys were rainbow trout (Willms et al. 1989).
As the warm water fish established natural spawning populations
in 1987 and 1988, their numbers in electrofishing and gill net surveys, increased while the number or rainbow remained the same,
which resulted in a reduction in relative abundance of rainbows
down to 4.5% by 1989 (Table 16.67). Rainbow trout failed to establish natural spawning populations in Sprague Lake. As stocking
rates of rainbow trout decreased and rainbow trout were subjected
to predation by largemouth bass, smallmouth bass and walleye,
their numbers continued to dwindle, so that by 2006–2008 their
relative abundance was less than 1% (Table 16.67).
The rainbow fishery in Sprague Lake drew anglers to the lake
in 1986, 1987 and 1988. The economic value, of the fishery averaged
$1 million/year in those years (Willms et al. 1989). The numbers of
anglers averaged 42,699 per year in 1986–1988 (Table 16.68). The
number of rainbow trout they caught averaged about 90,488 in
those years (Table 16.68). In 1999, with more warm water fish and
fewer trout present in the lake, the number of angler trips declined
to 16,937 (Table 16.68) and the number of rainbow trout caught
was 6,143 (Taylor 2000). The economic value of the fishery was 0.4
million dollars in 1999. Because of the reduced fishing pressure and
value to the economy, the WDFW undertook a second restoration
of Sprague Lake in the fall of 2007.
Moses Lake in Grant County is the third largest natural lake in
Washington. Between 1933 and 2006, Moses Lake has been planted
with 5,919,045 rainbow trout (Table 16.62). Four major creel surveys were conducted in Moses Lake in 1974 (Duff 1976), in 1983
(Jackson 1985), and in 1991 and 1996 (Burgess 2000). In 1974, anglers (n = 53,796) expended 163,012 hours of fishing effort to harvest 166,290 total fish, included 7,033 rainbow trout (Duff 1976).
The economic value of the fishery was estimated at $2.1 million.
In 1983, anglers (n = 117,970) expended 375,250 hours to harvest
169,269 total fish, including 35,766 rainbow trout (Jackson 1985).
Economic value of the fishery was estimated at $4.6 million. In
1991, anglers (n = 46,288) expended 120,363 hours to harvest 20,841
total fish, including 11,633 rainbow trout (Burgess 200). Economic
value of the fishery was estimated at $1.7 million. In 1996, anglers
(n = 42,108) expended 132,350 hours to harvest 13,148 total fish, including 629 rainbow trout (Burgess 2000). The economic value of
the fishery was estimated at $1.7 million.
The rainbow fishery has declined in recent years owing to the
rise of walleye in Moses Lake. No walleye were present in the Lake
in 1974. They were present in the harvest in 1983 (n = 357), and increased in abundance in 1991 (n = 2,484) and 1996 (n = 5,345) as the
number of rainbow fell. In fact, Moses Lake has suffered decreased
abundance of all species as indicated by the fact that the average
number of fish creeled per trip decreased from 3.1 in 1974 to 0.3 in
1996. Apparently, the conversion of Moses Lake to a walleye fishery
has reduced catches of every other species in the lake to a fraction
of their former harvest rate, markedly reduced angler pressure on
the lake, and has resulted in an approximate loss in fishing revenues of about $3 million per year.
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Electrofishing and gill net surveys conducted by WDFW in 1978,
1989 and 1999/2000 to assess fish composition and relative abundance in Moses Lake have paralleled the results of creel surveys
(Burgess 2000). In 1978 no rainbow were among 1,268 fish sampled
during electrofishing and gill net surveys. In 1989, 40 rainbow
trout were among 712 fish (6%) sampled during electrofishing and
gill net survey (Burgess 2000). In 1999 rainbow trout comprised
1.7% of the relative abundance (n = 74 of 4923 total fish) during
electrofishing, gillnet and fyke net surveys of Moses Lake (Burgess
2000). In 2000, rainbow trout comprised 2.7% of the relative abundance (n = 86 of 3,103 total fish) during fish surveys at Moses Lake
(Burgess 2000). WDFW conducted Fall Walleye Index Netting
(FWIN) surveys at Moses Lake each fall between 2002 and 2010.
Collectively, these surveys have captured 33 rainbow trout, 326–549
mm TL, in a sample of 12,655 total fish.
Potholes Reservoir received rainbow from two sources. First,
between 1959 and 2006, WDFW has planted 6,956,183 rainbow
trout into Potholes Reservoir (Table 16.62). Second, substantial
numbers of rainbow trout planted in Moses Lake are known to
emigrate into Potholes Reservoir. For example, in 1973, rainbow
trout planted into Moses Lake (n = 4,513) were given left pectoral
(LP) clips. Subsequently, 374 of these LP fish (8.3%) were recovered
during creel checks made in Potholes Reservoir (Duff 1974). When
the creel data were expanded to account for days on which no
creel checks were made, it was estimated that 1,354 rainbow trout
(27.6%) released in Moses Lake had migrated into and were caught
in Potholes Reservoir (Duff 1974).
Spence (1967) estimated that 40,000 anglers harvested 35,000
rainbow trout in Potholes Reservoir in 1967. In a creel survey conducted at Potholes Reservoir from March 1973–February 1974,
150,072 anglers expended 538,629 hours to catch 481,680 total fish
including 83,400 rainbow trout (Duff 1974). Of the total numbers of
anglers 94,545 targeted trout and 55,527 targeted warm water species such as yellow perch. Trout anglers spent an estimated $23.00/
day and warm water anglers spent an estimated $9.29/day, so the
economic value was $2,174,535 for the trout fishery and $515,846 for
the warm water fishery.
In a creel survey conducted at Potholes Reservoir between 8
April 2001 and 28 March 2002, anglers (n = 94,922) released a total
of 757,472 fish and harvested a total of 431,763 for a combined total
of 1,184,235 fish (Peterson 2006). These numbers included 17,871
rainbow trout released and 52,496 harvested for a combined total
of 70,367 rainbow trout caught by anglers. During electrofishing,
gill net and fyke net surveys conducted by WDFW in 1999, a total of
135 rainbow trout (range), from 221–510 mm in TL were captured
among 5,474 total fish (Osborne et al. 2004d).
Each autumn from 2002–2009, WDFW conducted fall walleye
index netting (FWIN) surveys at Potholes Reservoir. In all years
combined, these surveys collected a total of 5,749 total fish, included 24 rainbow trout ranging from 346–650 mm in TL.
Banks Lake is a water storage reservoir, created in 1951 by the
U.S. Bureau of Reclamation when it dammed the Grand Coulee.
Banks Lake occupies the upper Grand Coulee, which was sculpted
by ice age floods. In 1951, the Bureau at Reclamation constructed
dams at both ends of the Grand Coulee to form Banks Lake.
WDFW planted 8,939,605 rainbow trout into Banks Lake between 1956 and 2007 (Table 16.62). Despite extensive planting,
creel census surveys indicate that the number of rainbow trout
caught by anglers in Banks Lake has been minimal. For example, in
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creel surveys conducted by the Washington Department of Game
(WDG) from 1960–1964, anglers (n = 29,100) harvested 20,170 rainbow trout annually (Spence 1965). In a creel survey conducted by
WDG from November 1971 to October 1972 anglers (n = 92,236)
fished 288,836 man hours to harvest 12,640 rainbow trout (Duff
1972). Anglers targeting trout (n = 72,866 or 79% of the total) spent
$1,494,482 and anglers targeting warm water fish (n = 19,370 or 21%
of the total) spent $160,384; yielding a combined economic value of
$1,654,826 for the Banks Lake Fishery (Duff 1972). In creel surveys
conducted in 1975 to 1976 by the University of Washington (UW),
anglers expended 332,076 hours to catch 15,940 rainbow trout and
135,502 other fish composed of 54% kokanee and 32% yellow perch
(Stober et al. 1975, 1976). In creel surveys conducted at Banks Lake
by UW in 1978, anglers expended 214,768 hours to catch 2,243 rainbow trout and 53,222 other fish (87% kokanee salmon) (Stober et
al. 1979).
In a creel survey conducted from September 2002 to August
2003 by WDFW, it was estimated that 82,218 boat anglers expended
254,877 hours of fishing effort and 987 shore anglers expended
1,974 hours of fishing effort to catch 5,800 and harvest 5,470 rainbow trout in Banks Lake. Based on an average amount of $29.25
spent per day of angling, this fishery contributed $2,434,578 to the
regional economy (83,205 angler trips x $29.25).
Fisheries surveys also indicated that Banks Lake supports relatively low numbers of rainbow trout. Stober et al. (1976) set gill nets
in Banks Lake and collected 91 rainbow trout among 15,188 total
fish. In fish surveys conducted by WDFW in Banks Lake, in 2000,
only 20 rainbow trout (0.67%), 225–486 mm TL, were among 2,896
total fish collected by fishing in the littoral zone using a combination of electrofishing, gill nets and fyke nets (Woller et al. 2003)
and only 4 rainbow trout (1.9%), 120–526 mm TL, were among 215
total fish collected by setting 10 vertical gillnets and 10 horizontal
gill nets in the limnetic zone (Baldwin and Polacek 2003). In fish
surveys conducted in Banks Lake in October 2002, 86 rainbow
120–526 mm TL, were among 4,449 total fish captured in littoral
surveys and 4 rainbow were among 144 total fish collected in limnetic gill nets (Polacek et al. 2003). In May 2003, 63 rainbow trout,
98–442 mm TL, were among 1,366 total fish sampled in the littoral
zone and 9 rainbow trout, 209–469 mm TL, were among 188 total
fish sampled in the limnetic zone (Polacek et al. 2003).
Stober et al. (1978, 1979) evaluated entrainment losses in Banks
Lake and estimated that the number of rainbow that entered the
main canal of the Columbia Basin irrigation system was 1,659 in
1975 and 385 in 1976. They installed a barrier net to prevent entrainment losses and estimated that the number or rainbow that entered
the main canal was 94 in 1977 and 227 in 1978.
WDFW conducted full Walleye Index Netting (FWIN) Surveys
in Banks Lake from 2002-2010. They caught 82 rainbow trout
among 12,000 total fish.
The earliest record of stocking rainbow trout in Lake Chelan or
its tributaries was in 1913 when 51,913 were stocked (Darwin 1915a).
Rainbow trout (n=240,000 in 1916 and 78,035 in 1918) were stocked
directly into Lake Chelan (Darwin 1917, 1920). From 1937 to 2007,
Lake Chelan was planted annually with rainbow trout, totaling
12,489,640, an average of 178,423 per year over this 70 year interval (Table 16.62). Rainbow trout are also reproducing naturally in
many of Lake Chelan’s tributary streams.
From June–September, 1981, 4,434 anglers fished 13,303 hours
in Lake Chelan and caught 1,467 rainbow trout among 2,332 total

fish harvested (Brown 1984). From May to September 1982, 8,876
anglers fished 24,541 hours in Lake Chelan and caught 2,214 rainbow among 7,905 total fish harvested (Brown 1984). From April
to October 1999 a creel survey was conducted on Lake Chelan by
Duke Engineering (2000). A total of 2,049 anglers fished 4,035
hours to catch 240 rainbow trout (144 of which were harvested and
96 were released) among 1,498 total fish (Duke Engineering 2000).
The average length and weight of these rainbow trout was (range)
286 (190–460) mm TL and 271 (92–1,015) g.
Populations of rainbow trout were estimated in 23 tributaries
of Lake Chelan in September 1982 (Brown 1984). Density (number
of rainbow trout per kilometer) was 1,288 in 4 Mile Creek, 2,430
in 25 Mile Creek, 601 in Bear Creek, 3,110 in Big Creek, 2,580 in
Cascade Creek, 0 in Castle Creek, 614 in Coyote Creek, 5,000 in
Deep Harbor Creek, 1,552 in First Creek, 1,551 in Fish Creek, 4,927
in Gold Creek, 364 in Lightening Creek, 102 in Little Big Creek,
1,348 in Lone Fir Creek, 800 in Mitchell Creek, 3,908 in Poison
Creek, 3,280 in Prince Creek, 1,700 in Pyramid Creek, 172 in
Railroad Creek, 655 in Riddle Creek, and 3,400 in Safety Harbor
Creek (Brown 1984).
Length of each stream that was accessible to trout (in m) x the
density yielded the following population estimates for each tributary: 4 Mile (>300 m = 386 rainbow), 25 Mile (>3,200 m = 7,776
rainbow), Bear (>100 m = 60 rainbow), Big (75 m = 233 rainbow),
Cascade (150 m = 387 rainbow), Coyote (30 m = 18 rainbow), Deep
Harbor (26 m = 130 rainbow), First (>1,6000 m = 2,483 rainbow),
Fish (>400 m = 620 rainbow), Gold (300 m = 1,478 rainbow),
Grade (400 m = 824 rainbow), Lightening (60 m = 22 rainbow),
Little Big (50 m = 5 rainbow), Lone Fir (18 m = 24 rainbow),
Mitchell (>600 m = 480 rainbow), Poison (60 m = 234 rainbow),
Prince (>300 m = 984 rainbow), Pyramid (>300 m = 510 rainbow),
Railroad (>1,600 m = 275 rainbow), Riddle (>70 m = 46 rainbow),
and Safety Harbor (>300 m = 1,020 rainbow). Thus, the tributaries
collectively contained 18,104 rainbow trout.
Rock Lake, Whitman County, was first stocked with 5,000
rainbow trout in 1916 (Fox 2005). This was the only time rainbow
were stocked until 1966. Rock Lake has been stocked annually
with a total number of 1,719,165 rainbow trout from 1966–2007
(Table 16.63). These were all Spokane hatchery stock rainbow,
usually raised at Ford Hatchery. Rock Lake was also stocked with
Lyons Ferry steelhead (redband) trout commencing in 1987. From
1987–1998, a total of 1,262,342 surplus Lyons Ferry hatchery redband steelhead trout fry were planted. In electrofishing and gill
net surveys conducted in 1999 by EWU, 582 rainbow, 53–580 mm
TL, were among 4,373 total fish (13.3%) collected (McLellan 2000).
Also, 9,237 anglers expended 70,681 hours of effort to catch 2,825
and harvest 1,653 rainbow trout among 33,938 total fish caught and
15,740 total fish harvested (McLellan 2000). The economic value of
the fishery was estimated at $509,781 (McLellan 2000).
Rainbow trout are rare in the Pend Oreille River drainage
despite WDFW having stocked 4,316,426 of then into the mainstem reservoirs and several tributaries: Box Canyon Reservoir
(n = 1,055,303), Boundary Reservoir (n = 131,252), Calispell
Creek (n = 153,223), Cee Cee Ah Creek (n = 3,595), Harvey Creek
(n = 22,500), LeClerc Creek (n = 87,875), Little Muddy Creek
(n = 42,210), Mill Creek (n = 29,278), Renshaw Creek (n = 74,875),
Sullivan Creek (n = 59,600), Sullivan Lake (n = 2,320,922) and
Tacoma Creek (n = 2,320,922) (n = 335,393) (Table 16.63).
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Only 29 rainbow trout were collected among 47,418 total fish
caught during electrofishing surveys conducted by EWU in Box
Canyon Reservoir from 1988–1990, and none were among 406
fish captured by gill nets or 4,726 captured by beach seines (Ashe
and Scholz 1992). Also, in 1989 and 1990, 83 rainbow trout were
among 29,213 total fish captured in electrofishing, gillnet and
beach seine surveys, conducted by the University of Idaho in Box
Canyon Reservoir (Bennett and Liter 1991). Five rainbow trout
were among 6,235 total fish collected by electrofishing, gill netting and beach seining in Box Canyon Reservoir at sites adjacent
to Kalispel Indian Reservation in 1991 and 1992 (Skillingstad et al.
1993). In 2003, 21 rainbow trout, 173–502 mm TL, were among 505
(4.2%) total fish captured during electrofishing surveys conducted
at the head of Box Canyon Reservoir in the tailrace of Albeni Falls
Dam (Geist et al. 2004). Nine rainbow trout, 102–306 mm TL, were
among 15,525 fish captured during electrofishing, gill netting and
fyke netting surveys conducted throughout Box Canyon Reservoir
by WDFW and the Kalispel Tribe in 2004 (Osborne and Divens
2006). In 2004, 7 rainbow trout, 132–421 mm TL, were among 2,207
(0.3%) total fish captured during electrofishing and fyke netting
surveys conducted at the head of Box Canyon Reservoir in the
tailrace below Albeni Falls Dam (Scholz et al. 2005). The rainbow
trout caught in Box Canyon Reservoir come from two sources.
First, WDFW has periodically stocked Spokane hatchery rainbow
trout into net pens. Second, some Kamloops rainbow (adfluvial interior redband trout), that were stocked by IDFG into Pend Oreille
Lake, ID are now reproducing naturally in the lake and enter Box
Canyon Reservoir when they entrain at Albeni Falls Dam. Both
types of rainbow trout were caught during the surveys below
Albeni Falls Dam.
In creel surveys conducted on Box Canyon Reservoir, anglers
caught 20 rainbow among 10,082 total fish in 1988 and 0 rainbow
among 18,171 total fish in 1989 (Barber et al. 1989, 1990; Ashe and
Scholz 1992). Box Canyon Reservoir temperatures exceed 22–23°C
in August, which is above the optimal temperature for rainbow
trout growth. Possibly, this accounts for the poor catches of rainbow trout in the reservoir.
Rainbow trout were also rare in the tributaries of Box Canyon
Reservoir. Backpack electrofishing surveys were conducted by
EWU in four reaches in each of 5 tributaries from 1988 and 1989 to
estimate densities (Ashe and Scholz 1992). No rainbow were captured in Cee Cee An Creek, Skookum Creek or Tacoma Creek in
either year. Rainbow trout were present in LeClerc Creek, but were
not caught in sufficient numbers to obtain a population estimate
in either year. Rainbow trout were also present in Ruby Creek.
Although too few were captured in 1989 to estimate the population.
Density in 1990 was estimated at <0.1 rainbow / 100 m². For comparison, the average densities of brown trout, brook trout, and cutthroat trout were respectively 16.4, 11.5 and 3.3/100 m² in Skookum
Creek, <0.1, 38.9, and 3.9/100 m² in Tacoma Creek, 2.1, 13.2 and
0.5/100 m² in LeClerc Creeks, and <0.1, 38.3 and 0.2/100 m² in
Ruby Creek.
In 1989 and 1990, University of Idaho biologists also estimated
densities of various trout species in 13 tributaries of Box Canyon
Reservoir. Rainbow trout were present in low numbers in Cedar
Creek, Lost Creek, and North Fork of Calispell Creek. Rainbow
trout were absent in Cee Cee Ah, Davis, Indian, LeClerc, Lost
(South Fork), Middle, Mill, Ruby, Skookum and Tacoma Creeks.
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From 1995–2000, the Kalispel Tribe Department of Natural
Resources sampled numerous sites in 97 tributaries (including
affluents of tributaries) of Box Canyon Reservoir (Maroney et al.
1996, 1997; Donley and Lockwood 1998; Anderson 1999, 2002;
Olson and Anderson 2003, 2004, 2005, 2006, 2007; Lockwood et
al. 2001, Conner et al. 2003a, 2003b, 2005, 2006; Scott 1999). They
found rainbow trout at eight locations, Calispell Creek (Middle
Fork) (density 2.6 rainbow/100 m³, present in 5 of 10 reaches),
Calispell Creek (North Fork) (density 11.1 rainbow/100 m³, present
in 12 of 17 reaches), Davis Creek (n = 3 rainbow trout among 1,009
total fish collected, density of >0.1 rainbow/100 m³, present in 1 of
10 reaches), Indian Creek (density 0.3 rainbow/100 m³, present in 1
of 4 reaches), LeClerc Creek (East Branch) (density 1.3 rainbow/100
m³, present in 10 of 17 reaches), LeClerc Creek (West Branch)
(density 0.4 rainbow/100 m³, present in 1 of 14 reaches), Tacoma
Creek (density 0.3 rainbow/100 m³, present in 5 of 25 reaches),
and Winchester Creek (density 6.1 rainbow/100 m³, present in 1 of
11 reaches). They did not record any rainbow trout in the following tributaries of Box Canyon Reservoir: Bracket, Browns, Burnt,
Canyon, Cedar, Cee Cee Ah, Cooks, Cusick, Davis, Deer, Devils,
Diamond Fork, Fourth of July, Graham, Granite, Gypsy, Halfmoon,
Harvey, Jim, John, Jungle, Kent, Keokee, LeClerc Creek (Middle
Branch), Little Skookum, Little Tacoma, Lodge, Lost, Maitlen,
McCloud, Middle, Mill, Mineral, Muddy (Big), Muddy (Little),
Noisy, Onota, Pass, Race, Rainey, Rocky Fork, Ruby, Renshaw,
Sandwich, Skookum Creek (mainstem), Skookum (North Fork),
Skookum (South Fork), Smalle, Split, Stony, Tacoma, Tarlac, Ten
Mile, or Trimble creeks. Some of these tributaries harbored brown
and a few brook trout in the lower reaches, many brook trout in the
middle and upper reaches, and some also contained remnant populations of resident cutthroat trout principally above barrier falls.
From 1998–2000, the Kalispel Tribe Department of Natural
Resources installed migration traps in 11 tributaries of Box Canyon
Reservoir: Big Muddy, Cedar, Cee Cee Ah, Indian, LeClerc (East
Branch), LeClerc (West Branch), Middle, Mill, Ruby, Skookum and
Skookum (North Fork) creeks (Scott 1999, Lockwood et al. 2001).
Eight to 11 traps were operated in each year of the study. The purpose of these traps was to determine the extent to which fish made
adfluvial migrations between tributaries and the reservoir. Fish
migrating either in an upstream or downstream direction were
trapped. During the three year survey, 1,475 total salmonids were
caught, composed of 692 brown trout, 572 brook trout, 73 mountain whitefish, 64 rainbow trout, 42 cutthroat trout, 31 kokanee
salmon, and 1 bull trout (Scott 1999; Lockwood et al. 2001). In 1998,
rainbow trout were captured in 6 tributaries, migrating in both upstream (n = 16) and downstream (n = 19) directions (Scott 1999).
In 1999, 4 rainbow trout were captured migrating upstream and 8
were captured migrating downstream. In 2000, 14 were captured
migrating upstream and 3 were captured migrating downstream
(Lockwood et al. 2001). None of these fish were sexually mature
adults, all were juvenile. Thus, no evidence was found that indicated that rainbow trout were making adfluvial spawning migrations into or out of these creeks (Scott 1999). Instead, there was a
tendency for juvenile rainbow trout to migrate into the tributaries
in August to avoid warm temperatures in Box Canyon Reservoir
(Temperatures in Box Canyon Reservoir were 22–23°C in August
compared to 15–20°C in the tributaries). For example, of 18 rainbow captured in Cedar Creek, 11 were found in the upstream trap
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in August. A rainbow trout net pen was operated in Box Canyon
Reservoir near the mouth of Cedar Creek, so it is possible that the
rainbow trapped in Cedar Creek, had originated in the net pen and
were seeking thermal refuge in Cedar Creek.
In Boundary Reservoir, 5 rainbow were among 62 fish (8.1%) sampled
by BC Hydro in 1982 (BC Hydro 1991). Thirteen rainbow trout, 182–480
mm TL, were among 1,930 fish (6.7%) captured during electrofishing and
gill net surveys conducted by WDFW in 1999 (McClellan 2000) and 2000
(McClellan 2001). In tributaries of Boundary Reservoir, rainbow trout
were present at 3 of 5 sites sampled in Sand Creek, 1 of 9 sites sampled
in Slate Creek, 10 of 20 sites sampled in Sullivan Creek and 2 of 5 sites
sampled in Sweet Creek (McClellan 2001). Densities averaged 11 rainbow/100 m² in Sand, <1 rainbow/100 m² in Slate and Sullivan creeks,
and 4 rainbow/100 m² in Sweet Creek (McClellan 2001). Rainbows were
not found in Flume, Lime, Peewee or Lunch creeks.
In Seven Mile Reservoir, on the Pend Oreille River, British
Columbia, 1 rainbow trout, 270 mm TL, was among 316 total fish
sampled in gill net surveys conducted by BC Hydro in 1987 (BC
Hydro 1991). In Waneta Reservoir on the Pend Oreille River, British
Columbia rainbow trout accounted for 0.3% of the relative abundance of all fishes caught by BC Hydro in 1974 (BC Hydro 1991).
The Salmo River, tributary of the Pend Oreille River, British
Columbia, historically had a good run of steelhead (Gilbert and
Evermann 1895; Bryant and Parkhurst 1950). Steelhead were apparently partially blocked by a velocity barrier in the Z Canyon and
Metaline Falls just above the border, so their access to the Pend Oreille
River mainstem and tributaries above this point is questionable.
Collectively, the data from the Pend Oreille River suggests that rainbow were historically rare of absent above the Z Canyon. These data
support Behnke’s (1979) claim that generally rainbow are found below
Barrier falls and cutthroat and bull trout are found above barrier falls.
Gilbert and Evermann (1895) stated that there were no migration
barriers, to salmon or steelhead along the entire length of the Pend
Oreille River, though it was clear that not many fish passed through the
Z Canyon. The problem with the Z Canyon was that the entire flow of
the Pend Oreille River passed through a narrow chasm about 10 meters
wide and several hundred meters long. There were no resting areas for
salmon or steelhead in the entire reach. After migrating about 700 km
upstream from the ocean, in which they used energy stored in their tissues to make the migration and converted additional amounts to produce gametes, their energy stores were depleted and they apparently
did not have any reserves left to counter this torrent.
Above the Z Canyon, the Pend Oreille mainstem and its tributaries were the provenance of cutthroat trout and bull trout.
Introduction non-indigenous brown trout and brook trout has
converted most tributaries of the Pend Oreille into principally
brown and brook trout waters, with some remnant cutthroat population in the head water above barrier falls. Below the Z Canyon
steelhead/rainbow trout predominated. In support of this conjecture, the Salmo River is the only tributary of the Pend Oreille that
still harbors significant numbers of rainbow trout. In surveys conducted in the lower 16 km of the Salmo River in 1974, rainbow trout
(n = 161) accounted for 74.5% of the relative abundance (n = 216 total fish) (BC Hydro 1991). In surveys conducted on the lower 1 km
of Salmo River in 1987, rainbow trout (n = 65) accounted for 93% of
the relative abundance (n = 70). In surveys conducted on the lower

10 km in 1988 and 1989, rainbow accounted for 34.4% of the relative
abundance (n = 714 or 2,058 total fish sampled) and 86.7% of the
relative abundance (n = 522 of 601 total fish sampled) respectively.
From 1914–2006, WDFW has planted about 2.5 million rainbow
trout into Sullivan Lake, Pend Oreille County, Washington (Table
16.62). In 1980 and 1990, the Washington Water Power Company
set gill nets in Sullivan Lake. In 1980, they collected 13 rainbow trout
among 118 total fish (11.0%) sampled. In 1990 they collected 27 rainbow
trout among 261 total fish (10.3%) sampled. In 1994, WDFW conducted
a gill net survey of Sullivan Lake and collected 3 rainbows among
74 total fish (Mongillo and Hallock 1995). In 2003, EWU conducted
electrofishing, horizontal gill netting, vertical gill netting, fyke netting and minnow trapping surveys in Sullivan Lake (Nine 2005; Nine
and Scholz 2005). The survey was conducted once per month between
April and November. A total of 12 rainbow trout, 104–420 mm TL,
were among 3,820 total fish (0.3%) collected during the surveys. Also
in 2003, WDFW conducted gill net surveys in Sullivan Lake and collected no rainbow among 66 total fish (Baldwin and McLellan 2005).
During periodic creel surveys conducted from 1948–1951, 1954–1955,
1958, 1962 and 1965–1966, 162 anglers interviewed harvested 39 rainbow trout among 338 total fish harvested. Considering that an average angler spends about 3.6 hours fishing per trip at Sullivan Lake,
the catch rate of rainbow was 0.24/angler or >0.1 rainbow trout per
hour of fishing. During a creel survey conducted on 4 week days and
4 weekend days per month from May to November 2003, an estimated
3,121 anglers finished 11,235 hours to harvest a total of 3,733 total fish
including 113 rainbow trout, 307–310 mm TL. The catch rate was 0.01
rainbow trout/hour (i.e., one rainbow trout per 100 hours of fishing)
(Nine 2005; Nine and Scholz 2005).
From 1916 to 1945, WDFW stocked a total of 316,750 rainbow
trout and 523,246 steelhead trout into Bead Lake, Pend Oreille
County, Washington (Rader et al. 2006). They failed to establish
natural spawning populations and disappeared from the lake soon
after the last stocking event in 1945. A few were caught by anglers
fishing the lake before 1948 but not after 1948. For example, 1,422
anglers checked between 1939 and 1948 harvested 31 rainbow trout
among 4,662 total fish in Bead Lake. In 1949–1961, 1963, 1965,
1968–1972, 1974–1998, 1980 and 1984, anglers interviewed (n = 397)
caught no rainbow among 736 total fish harvested (WDFW fish
data). In 2004, a year long creel survey was conducted at Bead Lake
by EWU (Radar et al. 2006). Anglers (n = 3,039) fished 12,045 hours
to harvest 2,229 total fish. No rainbow were caught.
Also, no rainbow were collected in gill net surveys conducted
by WDFW in Bead Lake in 1993 (n = 111 total fish captured (Mongillo
and Hallock 1995), or 1999 (n = 74 total fish captured) (Polacek et
al. 1999). Additionally no rainbow trout were among 5,941 total fish
collected during electrofishing, gill netting and fyke netting surveys conducted each month from April–November 2004 (Rader
2006; Rader et al. 2006).
In 1974 WDFW conducted electrofishing and gill net survey at
12 sites on the Colville River between Meyers Falls and Springdale,
Washington (Nelson 1974). Eight rainbow trout were among 691
total fish captured.
In the Snake River in 1979–1980, Bennett et al. (1983) captured
4 rainbow/steelhead trout among 3,090 total fish in Lower Granite
Reservoir, 172 rainbow/steelhead trout among 40,598 total fish in
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Table 16.67

Relative abundance of rainbow trout in electrofishing, gillnet and fyke net surveys conducted in Sprague Lake, 1986–2003.
Year

# rainbow
trout collected

Total # fish
collected

Relative
abundance (%)

Size range
(mm)

1986¹, ²

200

419

47.7

108–434

1987², ³

190

1098

17.3

129–525

1988² ³

228

5068

4.5

92–544

1991⁴

32

534

6

97–535

1993⁵

3

130

2

383–549

1997⁶

7

716

1

111–537

1998⁷

84

8426

1

-

1999⁸

91

5449

1.7

160–510

2001⁹

11

1986

0.6

400–596

2002¹⁰

22

583

3.2

390–555

2003¹¹

13

1538

0.8

378–539

2003¹²

15

2313

0.6

378–539

,

2004¹³

0

540

0

-

2005¹⁴

22

1280

1.7

377–576

2005¹⁵

0

161

0

-

2006¹⁶

1

214

0.5

275

2006¹⁷

5

1567

0.3

308–560

References: ¹Whalen (1989); ²Willms (1989); ³Willms et al. (1989); ⁴Scholz (1992); ⁵Scholz (1994); ⁶Scholz (1998); ⁷Jackson (2000); ⁸Taylor (2000);
⁹WDFW FWIN (2002); ¹⁰WDFW FWIN (2003); ¹¹WDFW FWIN (2004); ¹²Schmuck and Petersen (2006); ¹³WDFW FWIN (2004); ¹⁴WDFW FWIN (2006);
¹⁵Scholz (2006); ¹⁶Scholz (2007); ¹⁷WDFW FWIN (2007).

Table 16.68

Summary of creel survey conducted of Sprague Lake, Adams and Lincoln counties, Washington, 1986–1988 and 1999.
Year

Angler
trips

Angler
hours

# rainbow trout
harvested

# rainbow
caught

Average
TL (mm)

Economic value
(millions)

1986¹

17,438

66,266

55,322

56,989

340

0.4

1987²

55,033

209,126

93,884

112,280

363

1.3

1988²

55,626

211,378

57,903

102,194

367

1.3

1999³

16,937

80,589

5,574

6,143

326

0.4

Total

145,034

567,359

212,683

277,606

1,396

3.4

References: ¹Whalen (1989), Willms et al. (1989); ²Willms (1989), Willms et al. (1989); ³Taylor (2000).

Little Goose Reservoir, 22 rainbow/steelhead among 4,072 total
fish in Lower Monumental Reservoir and 6 rainbow/steelhead
among 3,869 total fish in Ice Harbor Reservoir.
In studies conducted from 1985–1995, 5,738 rainbow trout were
among 148,548 total fish collected in Lower Granite Reservoir
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(Bennett and Shrier 1986; Bennett et al. 1988a, 1988b, 1991, 1993,
1995, 1997). In 2002 and 2003, 20 rainbow were among 19,953 total fish collected in Little Goose Reservoir, and 53 rainbow were
among 35,664 total fish collected in Lower Granite Reservoir
(Bennett and Seybold 2004, 2005).
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SOCKEYE/KOKANEE SALMON

Oncorhynchus nerka (Walbaum, 1792)
Primary Identification

Confirming Characters

1.

Adipose fin present.

1.

Lateral line scales 120–150

2.

Axillary process present at front end of pelvic fins.

2.

Gill rakers 28–44

3.

Anal fin usually with >13 rays (range: 11–18). Note:
In some inland kokanee populations the anal
fin appears square (i.e., height is same length as
base) in comparison to most Pacific salmon where
height < length of base. All of the kokanee I examined in eastern Washington had at least 13 anal rays.
(n > 5,000)

3.

4.

Tongue black, gums and flesh at base of teeth dark
gray to black color.

Figure 16.31

4.

No distinct spots on back, sides or caudal fin. Adult
fish with silver sides and iridescent blue-green backs
before developing spawning coloration. (Note: Some
kokanee, notably the population in Chain Lakes, may
have moderate sized spots sprinkled along the back,
sides and tail).

5.

Spawning males with nuchal hump in front of dorsal
fin and kype on upper jaw. Bright orange or red sides,
head green. Females develop red color mixed with
gray or black pigment on sides.

Sockeye/kokanee salmon, Lake Roosevelt, Ferry/Lincoln/Stevens counties, WA. Male in spawning colors with hooked
snout. Insets show details of black mouth (left) and blue back and silver sides of non-spawning fish (right).

Similar Species
1.

1322

Pyloric caeca 45–115

slender and closely spaced whereas those of chum are
short, stout and widely spaced.

Other Pacific salmon (Chinook, coho, pink, chum):
Sockeye/kokanee have more gill rakers (28–44) than
other Pacific salmon. Chinook, chum and coho respectively have minimum counts of 20, 26, and 25 gill
rakers on their first arch. Pink salmon have 24–35 but
their back, sides and caudal fin are heavily spotted
with large oblong spots. Gill rakers of sockeye, long,

2.

Pacific trout (cutthroat, rainbow), Atlantic salmon
and brown trout usually have white mouths, <12 anal
rays and spawning kype on lower jaw of sexually
mature males.

3.

Charr (brook, bull and lake trout) have light spots on
a dark background.
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Etymology
Oncorhynchus: (G.) Onco- = hooked, -rhynchus = snout; hooked
snout. Refers to the kype that develops on jaws of males as a secondary sex character in males of this species.
nerka: The Kamchatkan native name for sockeye salmon

Pronunciation
Oncorhynchus - On-co-rhyn-chus (On-co-rhyn-kus)
nerka - nĕr-kă

cidens Richardson, Salmo tapdisma Cuvier and Valenciennes, Fario
aurora Girard, and Salmo cooperi Suckley and Salmo richardi Suckley
in synonymy with Oncorhynchus nerka (Walbaum).
However, this improved nomenclature was still not perfect.
Jordan failed to recognize the coho as Oncorhynchus kisutch and
he still used Richardson’s rather than Walbaum’s name for the
Chinook. He had also placed sockeye and kokanee into different
subgenera whereas today they are recognized as the same species.
Jordan and his coworkers eventually came to recognize that sockeye and kokanee were the same species (see Jordan and Gilbert
1883: 308–309 and Jordan and Evermann 1896–1900: 481–483).
Jordan and Evermann related with regard to kokanee,
“These little fish, which have been known as Little
Redfish or Kennerly’s salmon, have been regarded as being landlocked variety, distinct from O. nerka. We are not
able to discover any structural difference between the two.
We have found them breeding at the same time and in the
same stream…”

Common Name(s)
Sockeye salmon (AFS name), red salmon, redfish, blueback, krasnaya ryba, Fraser River salmon, ta-ha-nia (Okanogan Indians)
(Suckley 1874: 99), Suk-kegh (Fraser River Indians), stozin
(Colville and Spokane Indians at Kettle Falls–Suckley 1860: 314),
yank (Wallowa River settlers), tsutswíslh (Colville/Okanogan
Indians–Kennedy and Bouchard 1975), sukkai (Southern British
Columbia Indian name–Hart 1973: 118), oo-chooy-ha (Chinook
Indian name–Smith 1881: 391), q'ōyxc
ˆ (Nez Perce Indian name),
kokanee salmon, kokanee, little redfish, Kennerly’s salmon, landlocked sockeye, silver trout, silvers.

Systematic Notes
Originally described from specimens in Kamchatka as Salmo nerka
by Walbaum (1792). Later described as Salmo lycadon by Pallus
(1811), Salmo paucidens by Richardson (1836), Salmo tapdisma by
Cuvier and Valencinnes (1845), Fario aurora by Girard (1856) and
Salmo kennerlyi (kokanee), Salmo cooperi (sockeye), and Salmo
richardi (sockeye) by Suckley (1862). Suckley (1862) placed Salmo
cooperi in the subgenus Oncorhynchus. Gill (1862) erected the genus Hypsifario, which was intended to distinguish kokanee from
sockeye by its more laterally compressed body form, and called the
kokanee Hypsifario kennerlyi (Suckley).
Günther (1866) elevated Suckley’s Oncorhynchus to generic
rank and described the sockeye as Oncorhynchus lycaodon Pallus
and Oncorhynchus paucidens Richardson. Jordan (1878: 70) reclassified all of the Salmonidae in the U.S. National museum into either Oncorhynchus or Salmo based upon the development of the
anal fin. In Oncorhynchus the length of the anal fin was greater
than the height, whereas in Salmo the length of the anal fin was
about equal to the height.
Jordan recognized five species and two subgenera of Oncorhynchus.
He called Chinook salmon Oncorhynchus (Oncorhynchus) quinnat, pink salmon Oncorhynchus (Oncorhynchus) gorbuscha, chum
salmon Oncorhynchus (Oncorhynchus) keta and sockeye salmon
Oncorhynchus (Oncorhynchus) nerka. The kokanee was placed in a different subgenus Oncorhynchus (Hypsifario) kennerlyi. Jordan thought
that the kokanee, being “very much smaller…and… much more [laterally] compressed”, was sufficiently different in form from the other
species that it should be classified in its own subgenus (Hypsifario).
Jordan placed many specimens that had previously been described
as distinct in synonymy with these names. This exercise reduced the
number of Pacific slope salmonids and greatly simplified their classification. For example, he placed Salmo lycaodon Pallus, Salmo pau-

Based on these observations they synonymized O. kennerlyi
with O. nerka (Jordan and Evermann 1896–1900: 482). However, in
his last publication, Jordan reversed himself and separated sockeye
and kokanee into separate species respectively called O. nerka and
O. kennerlyi (Jordan et al. 1930). However, most investigators continued to use O. nerka for both species or designated sockeye and
kokanee as subspecies O. n. nerka and O. n. kennerlyi.
Kokanee are permanently landlocked (lake locked) sockeye
salmon that complete their life cycle in freshwater rather than resorting to anadromy. They are typically much smaller than sockeye
salmon because the freshwater lakes in which they live are not as productive as the ocean. They usually have an adfluvial life history. They
emigrate from their home stream into a nursery lake as fry, live in
the lake for approximately 2–4 years, and then return to their home
stream to spawn. They are planktivores, feeding predominately upon
zooplankton within the lake. Kokanee and sockeye are sympatric in
a number of lakes in British Columbia. Kokanee also occur in lakes
above barrier falls that block sockeye migration into them.
Ricker (1938, 1940) discovered “residual” sockeye, which are
different from kokanee in that they are direct descendants of anadromous parents. Residual sockeye remain in freshwater. Ricker
(1938) noted that residual sockeye at Cultus Lake, B.C. were larger
than anadromous sockeye at the time of smolt transformation at
age 1.5. He concluded “that young sockeye which have enjoyed exceedingly good growth” loose their urge to migrate and, instead, remain in the lake. They were predominantly precocious males that
became sexually mature in the autumn at age 2.
Ricker (1940) suggested that kokanee populations were derived
from anadromous ancestors since the last ice age, with residual
sockeye representing a step in this process. Forester (1947) provided support for this hypothesis. He marked kokanee, which were
forcibly prevented from entering their nursery lake. In essence,
they were forced to migrate to the ocean or live in a freshwater
environment that offered little food. The fish choose to migrate to
the ocean and grew to a size comparable to that of anadromous
sockeye, although they matured in their fifth year instead of their
fourth year. In another experiment, kokanee from Lake Wenatchee
were reared at Leavenworth National Fish Hatchery in Icicle Creek
and subdivided into two groups marked by distinctive fin clips
(Fulton 1970). One group was released back into Lake Wenatchee;
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the other was released into Icicle Creek. The fish released in the
Lake remained in the lake but the fish released into Icicle Creek
migrated to the ocean and returned to the Wenatchee River and
Icicle Creek as mature sockeye salmon (Fulton 1970).
Moreover, sockeye and kokanee show plasticity in gill raker
counts (Vernon 1957: McCart and Anderson 1967; and Nelson
1968a, 1968b). All of these findings “indicated the futility of separating the two forms” (Scott and Crossman 1973: 166). According to
Nelson (1968),
“the ability of one form to produce offspring which take
up the life history of the other, and the presumed multiple
origins of kokanee from sockeye make it advisable to designate both forms as Oncorhynchus nerka.”

Scientific synonyms
Salmo nerka original description.
Walbaum (1792: 71).

Salmo paucidens sp. nov.

Oncorhynchus nerka

Richardson (1836: 222).

Brown (1971: 49); Simpson and Wallace (1982: 61); Holton and
Johnson (1996: 59); Behnke (2002: 59).

Salmo tapdisma sp. nov.

Cuvier and Valeneinnes (1845: 365).

Salmo kennerlyi sp. nov.

Distribution and Stock Status

Suckley (1862: 307).

Salmo richardi sp. nov.

Suckley 1862: 311, 1874: 117).

Fario aurora sp. nov.

Girard (1856: 218, 1858: 308).

Salmo paucidens Richardson

Suckley (1860: 325, 1874: 111).

Salmo aurora Girard

Suckley (1860: 343, 1874: 110).

Salmo (Oncorhynchus) cooperi sp.nov.
Suckley (1862: 311, 1874: 99).

Salmo kennerlyi Suckley
Jordan (1878: 196).

Hypsifario kennerlyi (Gill)
Jordan (1878: 196)

Oncorhynchus (Hypsifario) kennerlyi Suckley

Gill (1862: 330).

Oncorhynchus paucidens Richardson
Günther (1866: 158).

Oncorhynchus lycaodon (Pallus)
Günther (1866: 155).

Salmo kennerlyi Suckley
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Jordan (1878: 71; 1880: 357); Jordan and Gilbert (1881: 13; 1881:
457; 1883: 308); Bendire (1882: 81); Bean (1888: 308); Goode (1888:
480); Jordan and Starks (1895: 792); Evermann (1896: 253); Jordan
and Evermann (1896–1900: 481; 1902: 155); Evermann and Meek
(1897: 16); Jordan, Evermann and Clark (1930: 55); Schultz (1929:
15; 1931: 15; 1936: 135; 1942: 22); Schultz and Hanson (1935: 7,8);
Schultz and DeLacy (1935/1935: 371); Dymond (1936: 61); Carl and
Clemons (1948: 42); Chute et al. (1948: 10); Clemons and Wilby
(1949: 88); Simon (1951: 43); Carl, Clemons and Lindsey (1959: 81;
1967: 81); Shapovalov, Dill and Cordone (1959: 171); Bailey et al.
(1960: 11; 1970: 17); La Rivers (1962: 251; 1994: 25); McPhail and
Lindsey (1970: 165); Everhart and Seaman (1971: 26); Hart (1973:
118); Minckley (1973: 58); Scott and Crossman (1973: 165; 1998:165);
Moyle et al. (1976: 120; 2002: 263); Wydoski and Whitney (1979:61;
2003: 78); Lee et al. (1980: 95); Robins et al. (1980: 19); Sigler and
Sigler (1987: 96; 1996: 186); Sublette et al. (1990: 65).
Robins et al. (1990: 28); Mecklenburg et al. (1992: 209); Nelson
et al. (2004: 86); Scholz and McLellan (2009: 189; 2010: 441).

Pallus (1811: 370).

Hypsifario kenneryli (Suckley)

Oncorhynchus nerka (Walbaum)

Oncorhynchus nerka (Walbaum, 1792)

Salmo lycadon sp. nov.

Jordan (1878: 72).

Günther (1866: 120).

In North America, anadromous sockeye were originally distributed from the Klamath River, California, north to the Yukon
River in Alaska. In Asia, sockeye were distributed from northern
Hokkaido, Japan, north to the Anadyr River, Siberia.
Sockeye migrate long distances upriver. For example, they migrated greater than 1000 km up the Columbia and Fraser Rivers
to spawn in the upper reaches of both rivers. In the Columbia
River they formerly migrated past Kettle Falls to spawn in the
Arrow Lakes region of the Columbia River in British Columbia,
and in the Chain Lakes of the Little Spokane River, Washington.
It is conceivable that sockeye migrated 1,942 km to the headwaters of the Columbia River at Columbia and Windermere Lakes.
Although their presence in Columbia and Windermere Lake was
never verified, the presence of native populations of kokanee in
both lakes suggests that anadromous sockeye once inhabited them.
In 1911, Little Falls Dam blocked their migration up the Spokane
River, but a land locked kokanee population has persisted in the
Chain Lakes. This population was augmented by stocking 972,200
Lake Whatcom kokanee between 1937 and 1944. Kokanee are have
maintained their populations in the Chain Lakes via natural reproduction since 1944. In 1939, Grand Coulee Dam blocked sockeye
migration into the Arrow Lakes but land locked kokanee populations have persisted in both the Arrow Lakes and in the reservoir
created by Grand Coulee Dam (Lake Roosevelt).
Historic runs of sockeye salmon were as large as 3 million fish
annually in the 1890s (NPPC 1987). From 1965 to 2006 only about
10,000–240,000 sockeye have entered the Columbia River annually (WDFW and ODFW 2002) (Table 16.69). In 2010 approximately
388,000 sockeye entered the Columbia River and in 2012 about
540,000 sockeye were projected to enter the Columbia River. Both
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Table 16.69

Average counts of sockeye salmon at fish ladders at dams along the Columbia and Snake Rivers over the period of record
and from the last 10 year interval (2001–2010).
Period of record

Most Recent 10 year

River

Dam

RKM

Years

Average

Min

Max

Years

Average

Min

Max

Columbia

Bonneville

232.8

1938–2010

87,788

8,774

386,525

2001–2010

123,949

24,376

386,525

The Dalles

306.7

1957–2010

66,304

7,166

325,133

2001–2010

105,789

19,142

325,133

John Day

345.0

1968–2010

66,421

8,667

324,128

2001–2010

110,307

24,277

324,128

McNary

476.2

1954–2010

62,989

8,321

278,799

2001–2010

91,651

18,175

278,799

Priest Rapids

635.2

1960–2010

70,654

9,186

357,058

2001–2010

115,397

24,645

357,058

Wanapum

664.0

-

-

-

-

2006–2010

154,980

24,097

360,188

Rock Island

724.8

1977–2010

69,253

9,334

338,310

2001–2010

111,967

25,122

338,310

Rocky Reach

758.4

1977–2010

45,388

1,680

295,638

2001–2010

88,200

12,372

295,638

Wells

825.3

1977–2010

45,085

1,666

291,764

2001–2010

88,405

10,586

291,764

Ice Harbor

15.5

1962–2010

280

0

1,302

2001–2010

306

18

1,302

Lower
Monumental

66.6

1969–2010

213

0

1,652

2001–210

379

14

1,652

Little Goose

112.5

1975–2010

199

0

2,201

2001–2010

463

11

2,201

Lower Granite

171.2

1975–2010

199

0

2,201

2001–2010

463

11

2,201

Snake

are the highest counts on record since dam construction began on
the Columbia River.
Table 16.69 shows the number of sockeye counted at each of
the mainstem dams on the Columbia and Snake Rivers. The mean,
maximum and minimum counts are given over the period of record
(the number of years counts have been made, varies for each dam)
and for just the past 10 years (2001–2010). This table serves two purposes. First, it allows the reader to see how the run is distributed
in the Columbia and Snake basins. Second, comparing records for
the past 10 years with the period of record allows the reader to see
how much progress has been made in restoring runs. In general, for
most dams on the Columbia and Snake rivers, sockeye counts during the past ten years have been higher than counts over the period
of record. For example at Bonneville Dam, the mean counts during
the past 10 years (2001–2010) have averaged only 123,949 compared
to counts over the period of record (1938–2010) of 87,788.
Sockeye salmon normally have the requirement of a nursery
lake, so their original distribution in the Columbia Basin was confined to spawning areas with suitable nursery lakes (Bjornn et al.
1968; Fulton 1970). These included:
1.

Upper and Lower Arrow Lakes at RKM 1257 and
1370 on the mainstem of the Columbia River (51,904
surface acres + 37,504 surface acres).

6.

Skaha Lake, Okanogan River, British Columbia
(4,697 surface acres).

7.

Osoyoos Lake, Okanogan River, British Columbia
and Washington (5,729 surface acres).

8.

Wenatchee Lake, Wenatchee River, Washington
(2,445 surface acres).

9.

Bumping Lake, Bumping River, tributary of
American, Naches and Yakima rivers, Washington
(632 surface acres).

10. Kachess Lake, Yakima River, Washington (2,744
surface acres).
11.

Keechelus Lake, Yakima River, Washington (1,240
surface acres).

12. Cle Elum Lake, Yakima River, Washington (1,982
surface acres).
13. Suttle Lake, Metolius River, Oregon (250 surface
acres).

2.

Whatshan Lake, British Columbia (4,004 surface
acres).

14. Redfish Lake, Salmon River, Idaho (1,500 surface
acres).

3.

Slocan Lake, Kootenay River, British Columbia
(16,738 surface acres).

15. Alturas Lake, Salmon River, Idaho (395 surface
acres).

4.

Chain Lakes, Spokane River drainage, Washington
(88 surface acres).

16. Pettit Lake, Salmon River, Idaho (395 surface acres).

5.

Okanogan Lake, Okanogan River, British Columbia
(85,990 surface acres).

17. Yellow Belly Lake, Salmon River, Idaho (170 surface
acres).
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18. Stanley Lake, Salmon River, Idaho (177 surface acres).
19. Wallowa Lake, Grande Ronde River, Oregon (1,777
surface acres).
20. Payette Lake, Payette River, Idaho (1,000 surface acres).
21. Little Payette Lake, Payette River, Idaho (300 surface
acres).
22. Upper Payette Lake, Payette River, Idaho (200 surface
acres).
Total production occurred in 226,510 acres of nursery lakes.
Assuming that these lakes were equally productive, based on the
surface acres of the nursery lakes, it would appear that about 48.7%
of the sockeye production in the Columbia Basin occurred in the
Arrow Lakes and surrounding locations in British Columbia and
42.7% was in the Okanogan River Basin. The percentage of total
production in the Yakima Basin was 2.9%, Wenatchee Basin (1.1%),
Spokane Basin (<0.1%), Payette Basin (0.6%), Grande Ronde Basin
(0.8%), Salmon Basin (1.5%) and Metolius Basin (0.1%).
By 1970, anadromous sockeye were extirpated at all of these locations, except for Wenatchee, Osoyoos and Redfish lakes (Fulton
1970). However, kokanee still persisted in many of these lakes.
At Payette and Wallowa lakes, commercial fisheries prosecuted
on the spawning grounds in 1870–1873 and 1894 respectively, are
what did them in (Evermann 1896). In addition, Black Canyon
Dam, constructed in 1924, blocked runs to Payette Lake after that
date. Dams constructed at the outlets of Cle Elum, Kachess and
Keechelus Lakes blocked sockeye runs by 1905 (Robinson 1957).
No sockeye have been counted at either Prosser Dam (Yakima
RKM 75.1) or Roza Dam (Yakima RKM 205.4) on the Yakima River
between 1983–2006.
Sunbeam Dam, obstructed salmon migrating up the Salmon
River in 1913 and prevented sockeye from reaching Alturas, Pettit,
Redfish, Stanley, and Yellow Belly Lakes (Parkhurst 1950b). The fish
ladder at the dam did not pass salmon at low water. The dam was
removed in 1934, and migrations resumed with as many as 4,000
adult sockeye returning to Redfish Lake by 1955. It is thought that
sockeye runs resumed either because kokanee that remained in the
lake subsequently developed anadromous populations or because
a few sockeye each year were able to pass through the fish ladder
at Sunbeam Dam. From 1955–1965, the Idaho Department of Fish
and Game eradicated sockeye from Pettit, Stanley and Yellow Belly
Lakes by using a poison (rotenone) then built permanent outlet
structures on each lake to prevent the entry of anadromous sockeye salmon. They did this in order to convert these lakes to rainbow trout production.
Okanogan Lake and Skaha Lake were removed from sockeye
production in 1921 by construction of Vaseaux Dam in British
Columbia, which blocked their migration (Fulton 1970). In 1939,
construction at Grand Coulee Dam blocked sockeye runs into
Upper and Lower Arrow Lakes, Whatshan Lake, and Slocan Lake,
and presumably into Kinnebasket, Columbia and Windermere
lakes, British Columbia.
Before all these dams were constructed, sockeye runs had
been severely depleted by overharvest in the lower river. Counts
at Rock Island Dam numbered 14,012, 16,516 and 15,091 respectively in 1935, 1936 and 1937. In those years 889, 29 and 65 sockeye
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bound for Lake Wenatchee were counted at Tumwater Dam on the
Wenatchee River and 264, 895 and 2,162 bound for Lake Osoyoos
were counted at Zosel Dam on the Okanogan River. Subtraction of
the Tumwater and Zosel Dam counts from the Rock Island counts
provided estimates that 12,859 (91.7% of the sockeye observed at
Rock Island Dam), 15,583 (94.3%) and 12,674 (83.9%) of the sockeye were bound for the Arrow Lakes and other spawning areas in
the upper Columbia. The Arrow Lakes and other lakes in British
Columbia likely originally produced 48.7% of the 1.3 million adult
sockeye harvested annually (633,100 fish) in the early years of the
fisheries. Subtracting 12,859, or 15,859 or 12,764 from 633,100 provides an idea of how many fish were taken by commercial fishermen. The fisheries for sockeye in the lower river peaked in 1889
when almost 1.3 million sockeye were harvested (Fulton 1970).
Beginning in 1939, as part of the Grand Coulee Fish Maintenance
Project (GCFMD) sockeye were intercepted at Rock Island Dam
and either transplanted to Lake Wenatchee and Lake Osoyoos for
natural propagation or to Leavenworth National Fish Hatchery
(NFH) on Icicle Creek (Wenatchee River Basin), Entiat NFH (Entiat
River Basin), or Winthrop NFH (Methow River Basin) for artificial
propagation. All the fish reared at these hatcheries were stocked
in either Lake Wenatchee or Lake Osoyoos. Both lakes received a
mix of fish from all three hatcheries plus a few fish from out of basin stock (e.g., Lake Quinault) (Mullen 1984). Artificial production
ceased in 1961 and the sockeye in both Lake Wenatchee and Lake
Osoyoos have been maintained by natural production since then.
The minimum run size in the Wenatchee River averaged
(ranged) 32,300 (8,100–70,950) and the run size into the Okanogan
river averaged (ranged) 45,450 (10,200–107,150) between 1970 and
1984. From 1985 to 2006, the run size into the Wenatchee River
averaged (ranged) 24,182 (3,652–86,474) based on subtracting the
Rocky Reach Dam count from the Rock Island Dam count (Table
16.70). The Wenatchee River is the only tributary that enters the
Columbia between these two dams, so it is reasonable to assume
that the sockeye that are missing entered the Wenatchee River.
From 1985 to 2006 the sockeye run size into the Okanogan River
averaged (ranged) 30,896 (1,666–78,053) based on the Wells Dam
count. Although there are two rivers upstream of Wells Dam that
could potentially attract sockeye, the Methow and Okanogan
Rivers, the Okanogan is the only one with suitable nursery lakes,
so it is likely that a very high proportion of fish migrate into the
Okanogan. Upstream from Wells Dam, Chief Joseph Dam blocks
further ascent of sockeye up the Columbia River because it was
constructed without a fish ladder. Thus, essentially, all of the sockeye are forced into the Okanogan.
Non-Indian and Treaty-Indian commercial fisheries for sockeye are permitted when an escapement goal of 75,000 sockeye at
Bonneville Dam has been achieved. Commercial harvest of sockeye has not occurred since 1988 except in 2000 when 93,388 sockeye,, 2001 when 114,934 sockeye, and 2004 when 123,291 sockeye,
2008 when 213,607 sockeye, 2009 when 177,823 sockeye and 2010
when 386,525 sockeye were counted at Bonneville Dam.
Recreational fishing for sockeye in Lake Wenatchee depends
on having a harvestable surplus of fish. The escapement goal in
the Wenatchee system in 23,000 fish. Since anglers typically harvest about 16% of the fish in the Wenatchee run, this would require the presence of about 27,000 sockeye in the Wenatchee River.
Since 1985 this number of sockeye or greater were recorded in the
Wenatchee River in 1985, 1987, 1990–1993, 1995, 2001, 2002, 2004,
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Table 16.70

Estimated escapement into the Wenatchee River,
1985–2006, estimated by subtracting the Rocky
Reach Dam count from the Rock Island Dam
count. The Wenatchee River is the only major tributary that enters the Columbia River between these
two dams.

Year

Rock
Island

Rocky
Reach

Escapement into
Wenatchee River

Wells
Dam

1985

103,200

54,077

49,123

52,989

1986

49,788

32,908

16,880

34,788

1987

69,868

41,111

28,757

40,109

1988

49,177

34,089

15,088

33,978

1989

37,360

16,175

21,185

15,976

1990

44,143

9,296

34,847

7,972

1991

62,119

27,440

34,679

27,490

1992

68,359

41,804

26,555

41,951

1993

65,630

28,309

37,321

27,849

1994

11,367

1,680

9,687

1,666

1995

91,462

4,988

86,474

4,893

1996

29,500

21,784

7,716

17,701

1997

41,504

30,485

11,019

25,754

1998

9,334

5,682

3,652

4,669

1999

18,371

14,111

4,260

12,228

2000

76,515

57,428

19,087

59,944

2001

104,847

66,228

38,619

74,490

2002

44,320

12,372

31,948

10,586

2003

34,779

30,358

4,421

28,977

2004

106,666

81,388

25,278

78,053

2005

71,226

55,570

15,656

55,559

2006

35,132

25,377

9,755

22,075

Total

1,224,667

692,660

532,007

679,697

55,667

31,485

24,182

30,895

Average

2008, 2009 and 2010 (Table 16.70). The river was opened to sockeye fishing during these years and closed in the other years.
Lake Osoyoos sockeye experienced a downward trend in population numbers indicated by counts at Rocky Reach Dam from
the 1960s and 1990s (Mullen 1986; Chapman et al. 1995). Annual
counts at the dam averaged (ranged) 57,693 (9,807–129,557) during the 1960s, 32,058 (8,157–57,521) during the 1970s, 35,567 (16,175–
73,290) during the 1980s and 18,551 (1,680–41,804) in the 1990s.
Counts rebounded to an average (range) of 85,402 (12,372–295,638)
from 2000–2010.
The Okanogan Nation Alliance in Canada and Colville
Confederated Tribes in the United States have proposed to reintroduce sockeye salmon into Skaha Lake, British Columbia, a lake
in the Okanogan River. Preliminary data have been collected to: (1)
evaluate the risks that such a reintroduction would pose in terms
of introducing diseases into Skaha lake, and (2) Asses the limnology of Skaha Lake, particularly the abundance of zooplankton
that could feed sockeye in the lake (Hammell et al. 2001, Fisher

et al. 2002, Evelyn et al. 2003, Evelyn 2004, Wright et al. 2004).
Preliminary assessments concluded that the risk of introducing
new viral and bacterial pathogens was low, food was plentiful and
that the tribes should proceed with the introduction.
The situation for sockeye in Redfish Lake, at the headwaters
of the Salmon River in the Whitecloud Range of the Sawtooth
Mountains in Idaho, is much worse than for sockeye in the upper
Columbia. The number of sockeye counted at Lower Granite Dam
on the Snake River between 1975 and 2010 totaled 7,146, averaged
199, and ranged between 0 and 2,201. Between 2001 and 2010 number of sockeye salmon counted at Lower Granite dam totaled 4,631,
averaged 463 and ranged from 11 to 2,201. From 1985 to 2007, the
number of sockeye that actually made it back all the way to Redfish
Lake totaled 424, averaged 18 and ranged from 0 to 257. No fish
came back during three yeas (1990, 1995, and 1997), and only 1 fish
came back during six years (1988, 1989, 1992, 1994, 1996, 1998). On
November 20, 1991, the National Marine Fisheries Service listed
Snake River sockeye as endangered under the Endangered Species
Act of 1973.
A substantial research program is currently underway to restore
sockeye in Redfish, Alturas and Pettit Lakes (Flagg 1993; Johnson
1993; Spaulding 1993; Kline 1994; Teuscher et al. 1994, 1995; Johnson
& Pravecek 1995; Kline & Yonk 1995; Flagg & McAuley 1996; Flagg
et al. 1996; Kline & Lamansky 1997; Pravecek & Johnson 1997; Kline
et al. 1999, 2003a, 2003b; Taki et al. 1999, 2004, 2006; Hebdon et
al. 2000, 2002, 2003; Lewis et al. 2000; Griswald et al. 2001; Kline
& Willard 2001; Frost et al. 2002, 2003; Kohler et al. 2002, 2004a,
2004b, 2004c; Willard et al. 2003; Willard et al. 2004, 2005, 2006;
Baker et al. 2005, 2006a, 2006b; Plaster et al. 2007).
Because not all of the fish that pass Lower Granite Dam have
reached the upper reaches of the Salmon River, the National Marine
Fisheries Services in cooperation with the Idaho Department of
Fish and Game and Bonneville Power Administration have established a captive brood program, where the few fish that do return
are spawned and their offspring raised in captivity for their entire
life cycle at the Eagle Fish Hatchery. Some of these fish are spawned
in the hatchery when they come into season. In other cases their
sperm is cryogenically preserved. The most famous example of this
was the lone salmon that returned in 1992. It was a male famously
dubbed “Lonesome Larry”. Its sperm was preserved cryogenically
and used several years later to fertilize some of the eggs of returning females, which preserved the genome of Lonesome Larry.
Additionally, some of the salmon reared in captivity are released to
spawn volitionally in Redfish, Alturas, and Pettit Lakes.
For example, in 2004, 27 anadromous sockeye returned to the
Sawtooth Valley. Of these, 24 (12 males, 12 females) were caught.
Three of the females were allowed to spawn naturally. Nine of these
females were spawned in the hatchery along with 102 captive females from brood year 2001 and 1 captive female from brood year
2000 (Baker et al. 2006a). In aggregate, these fish produced 140,823
eyed eggs. Eyed eggs (49,134), along with pre-smolts from the 2003
brood (130,716) and smolts from these 2002 brood (96) and adults
from the 2000 and 2001 broods were planted into Redfish, Alturas
and Pettit lakes in 2004. The remainder of the eyed eggs (91,689)
were retained in the hatchery for the captive brood program.
In 2005, 6 anadromous (3 males, 3 females) sockeye returned
to the Sawtooth Valley (Baker et al. 2006b). One female was allowed to spawn naturally. Two of the females and 119 captive brood
females from brood year 2002 were spawned in the hatchery, pro-
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ducing 145,027 eyed eggs. Eyed eggs (51,239), along with pre-smolts
from the 2004 brood (72,108), smolts from the 2003 brood (78,330)
and adults from the 2001 and 2002 broods (173) were stocked in
Redfish, Alturas and Pettit Lakes, and in Redfish Lake Creek and
the Upper Salmon River. The remainder of the eyed eggs (93,968)
were retained in the hatchery for the captive brood program.
The first releases from the captive brood program occurred
in 1993. In 2003, it was estimated that 4,637 wild sockeye smolts
and 12,226 hatchery-produced sockeye smolts out migrated from
Redfish Lake. Additionally, 286 wild smolts and 553 hatchery-produced smolts out migrated from Alturas Lake, and 28 wild smolts,
and 13,329 hatchery-produced smolts out migrated from Pettit
Lake (Willard et al. 2005).
In 2004, 4,476 wild smolts and 16,289 hatchery-produced smolts
out migrated from Redfish Lake. Additionally, 74 wild smolts and
1,091 hatchery-produced smolts out migrated from Alturas Lake,
and 61 wild smolts and 5,227 hatchery produced smolts out migrated from Pettit Lake (Willard et al. 2006).
In 2005, 7,870 wild smolts and 28,001 hatchery-produced
smolts out migrated from Redfish Lake. Additionally, 6,747 wild
smolts and 16,442 hatchery smolts out migrated from Alturas Lake,
and 7,518 wild smolts and 17,051 hatchery smolts out migrated from
Pettit Lake (Plaster et al. 2007).
Although relatively large numbers of smolts had been released,
the number of fish returning to Lower Granite Dam and to Redfish
Lake have been disappointing. The 2003 release, totaling 31,059
should have returned in 2004 as 3-year-olds or in 2005 as 4-yearolds. In 2004 and 2005 only 113 and 18 sockeye were counted at
Lower Granite Dam. In 2004 and 2005, the number of adult sockeye returning to Redfish Lake numbered 22 and 6. The 2004 releases totaled 27,218 smolts that should have returned during 2005
and 2006. Returns of sockeye fish to Lower Granite Dam totaled 18
and 17 fish respectively and the return of adult sockeye to Redfish
Lake numbered respectively 3 and 4 fish in 2005 and 2006. Returns
were better in 2000 and 2002 as a result of a combination of factors, including unusually good precipitation/winter snowpack
in 1999 and 2000 (which improved survival of juveniles passing
dams) and good ocean conditions (the ocean was unusually full of
food) which also increased survival.
In addition to the captive brood program, a second objective
of the Snake River Sockeye Salmon Recovery Program has been
artificial fertilization of Redfish, Alturas and Pettit lakes with nitrogen and phosphorus to make up for the nutrients lost due to
decomposing salmon carcasses. The amount of nutrients recycled
from the ocean used to be much greater than at present because
larger numbers of sockeye returned from the sea. It is thought that
this loss of nutrients has contributed to reducing the productivity
of these lakes, and therefore the number of sockeye smolts each
lake is capable of producing. Hence, these lakes are being artificially fertilized with nitrogen and phosphorous. Nutrient application occurred in Redfish Lake in 1995–1998 and 2001–2002, and in
Alturas and Pettit lakes in 1997–1999 and 2005, and in Pettit Lake
in 2004 (Taki and Mikkoelsen 1997; Taki et al. 1999; Lewis et al.
2000; Griswold et al. 2001; Kohler et al. 2002, 2004, 2005; Taki et
al. 2004, 2006).
The feasibility of reintroducing sockeye into Wallowa Lake,
Grande Ronde River Basin, was investigated by Crammer and Witty
(1998). Sockeye became extinct from the lake by 1904 but a native population of kokanee persisted until 1957–1963, when it collapsed. Their
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collapse was caused by introduction of lake trout between 1958–1963,
which preyed upon the kokanee, and loss of spawning habitat caused
by channelization of the Wallowa River where it entered the lake. The
introduction of lake trout failed to establish naturally spawning populations and they disappeared from the lake by 1967. Condition of the
spawning grounds has also improved. Kokanee were imported from
British Columbia, Montana, and Washington in 1962–1982. These
introductions re-established self-sustaining populations of kokanee;
however, their genome is different from the native stock (Cramer and
Witty 1998). No kokanee have been stocked in Wallowa Lake since
1982. Cramer and Witty (1998) recommended that reintroduction of
sockeye into Wallowa Lake should begin when a suitable donor stock
is found. So far a suitable donor stock has not been identified.
An attempt was made to restore sockeye in Cle Elum Lake in
the Wenatchee Basin. Eggs from adult sockeye collected from the
Wenatchee River in 1987–1992 were transferred to the Montlake
Quarantine Hatchery in Seattle, Washington, tested for bacterial
and viral infections, and certified disease free (Flagg 1987, 1988;
Flagg et al. 1992, 2000). Annual releases of these fish into Cle Elum
Lake and Cle Elum River were made between 1988 and 1993. Adults
returned to the Yakima River Basin in 1991 (n = 41), 1992 (n = 10),
1993 (n = 22) and 1994 (n = 1). These were the first returns of sockeye to the Yakima River in over 60 years.
More recently, the Bureau of Reclamation has begun to investigate the feasibility of restoring sockeye to other headwater lakes
in the Yakima Basin that sockeye formerly spawned in but are currently blocked from production by Bumping, Kachess, Keechelus,
Easton (Cle Elum) and Tieton Dams (BOR 2007a, 2007b). So far,
they have completed the assessments for Bumping (BOR 2007a)
and Cle Elum (BOR 2007b) lakes. BOR estimated that Bumping
Lake could produce a range of 43,766 to 1,682,210 smolts or a range
of 573 to 63,671 returning adults. BOR felt that a realistic number
of adults that might be produced was within the range of 10,000–
17,000 sockeye when the species is fully restored in Bumping Lake,
but that one factor that might limit sockeye production would be
the low abundance of preferred prey items in the lake until marine
derived nutrients improved production.
BOR estimated that Lake Cle Elum could produce a range of
about 136,296 to 4,582,427 smolts or 31,125 to 58,782 adults. BOR felt
that a realistic number of adults that might be produced was within
a range of 30,000–50,000 adults but they were concerned about
the high summer temperature in the Yakima which exceed 21°C
in the Yakima at about the time sockeye run. The Yakima Tribe
captured 1,000 sockeye in 2009, 4,100 sockeye in 2011 and 10,000
sockeye in 2012 that were bound for either Lake Wenatchee or Lake
Osoyoos as they passed through the fish ladders at Priest Rapids
Dam for release into Lake Cle Elum. The first adults from these
plants should return to tributaries of Lake Cle Elum in 2013.
The Washington Department of Fish and Wildlife has stocked
at least 415,269,693 kokanee, into 309 lakes or streams in eastern Washington. I have records from 1908–1923 (Riseland 1909;
Darwin 1916a, 1917, 1920, 1921a; Dibble and Kinney 1923), 1933–
2007 (WDFW fish stocking data base) and am missing records from
1924–1932. Nearly all of these planted fish have been derived from
kokanee eggs collected from Lake Whatcom.
Between 1913–1923 and 1933–2007, WDFW released 345,000 kokanee at 5 locations in Adams county, 98,700 at 4 locations in Asotin
County, 94,964,873 at 39 locations in Chelan County, 689,985 at 7
locations in Columbia County, 115,600 at 3 locations in Douglas
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County, 22,486,281 at 21 locations in Ferry County, 135,425 at 2 locations in Garfield County, 40,451,416 at 20 locations in Grant County,
47,447,997 at 11 locations in Kittitas County, 2,563,544 at 13 locations in Klickitat County, 1,113,690 at 9 locations in Lincoln County,
26,380,690 at 60 locations in Okanogan County, 23,864,051 at 19 locations in Pend Oreille County, 7,971,812 at 21 locations in Skamania
County, 32,257,157 at 15 locations in Spokane County, 72,909,621 at 33
locations in Stevens County, 683,660 at 11 locations in Walla Walla
County, 196,320 at 7 locations in Whitman County, and 39,592,871 at
13 locations in Yakima County. Lakes that received plants of at least
2 million kokanee include: Lake Chelan (n = 54,417,601) and Lake
Wenatchee/ Wenatchee River (n = 2,455,850 + 22,888,049) in Chelan
County; Curlew lake (n = 10,928,845) and Lake Roosevelt/Sherman
Creek (n = 22,103,809) in Ferry, Lincoln, and Stevens Counties;
Banks Lake (n = 23,461,424), Blue Lake (n = 9,188,407), Deep Lake
(n = 3,740,430) and Park Lake (n = 2,661,844) in Grant County;
Cle Elum Lake (n = 16,272,782), Kachess Lake (n = 21,220,598),
and Keechelus Lake (n = 7,764,816) in Kittitas County; Bonaparte
Lake (n = 2,088,618), Buffalo Lake (n = 5,143,839), Palmer Lake
(n = 3,227,470), and Patterson Lake (n = 3,415,607) in Okanogan
County; Bead Lake (n = 8,915,363), Marshall Lake (n = 2,555,982),
and Sullivan Lake (n = 5,082,233) in Pend Oreille County; Badger
Lake (n = 7,849,544), Chapman Lake (n = 16,357,434) and Williams
Lake (n = 2,442,700) in Spokane County; Deer lake (n = 24,207,100),
Empire Lake (n = 7,490,306), Loon Lake (n = 25,031,104), Thomas lake
(n = 2,287,117) in Stevens County; and Bumping Lake (n = 11,285,642)
and Rimrock Lake (n = 27,294,752) in Yakima County.
The earliest records, before 1923, indicated that kokanee
were stocked into numerous lakes and streams in every eastern
Washington county. In most of these locations, kokanee persisted
while stocking occurred but eventually disappeared because they
failed to establish natural spawning populations. Curlew Lake in
Ferry County is an example. A total of 11,928,845 kokanee were
planted in Curlew Lake and Curlew Creek between 1915 and 1986.
In fisheries survey’s conducted at Curlew Lake in 1998 and 1999 no
kokanee were found among 671 and 660 fish sampled respectively
(Phillips and Divens 2001). Blue and Park Lakes in Grant County
and Buffalo and Spectacle Lakes in Okanogan County and Badger,
Liberty, Newman, and Williams Lake, Spokane County are some
other examples of where stocking large numbers of kokanee failed
to establish natural spawning populations.
In a few locations, notably Bead, Davis, Horseshoe, and Sullivan
Lakes, Pend Oreille County, Deer and Loon Lakes in Stevens
County and Rimrock Lake in Yakima County, kokanee did establish self perpetuating populations.
From 1995–2007 WDFW has stocked 46,696,913 kokanee into
eastern Washington waters including:
•

1,196,231 into tributaries of Lake Chelan and 4,128,228
into Lake Chelan, Chelan County;

•

14,068,025 into Lake Roosevelt, Ferry, Lincoln, and
Stevens counties;

•

23,250 into Ferry Lake, Ferry County;

•

11,399,354 into Banks Lake and 486,908 in Deep Lake,
Grant County;

•

3,398,206 into Cle Elum Lake, 2,725,710 into Kachess
Lake, and 1,138,721 into Keechelus Lake, Kittitas
County;

•

63,271 into Coffeepot lake, Lincoln County;

•

280,671 into Bonaparte lake, 1,274,555 into Palmer
Lake, and 44,827 into Patterson Lake, Okanogan
County;

•

87,619 into Sullivan lake, Pend Oreille County;

•

694,114 into Chapman Lake, Spokane County;

•

2,510593 into Deer lake, and 2,134,643 into Loon Lake,
Stevens County

•

591,923 into Rimrock Lake Yakima County.

Thus, during the 12 years between 1995 and 2007 WDFW has
stocked kokanee into only 19 different locations in 11 different eastern Washington counties. In addition, to these locations
naturally reproducing populations of kokanee are known from
Lake Wenatchee in Chelan County, Banks Lake in Grant County
(Duff 1973), Palmer Lake in Okanogan County (Osborne et al.
2003), Bead Lake (Radar et al. 2006), Chain Lakes (Scholz 2001,
2002), Davis Lake, Horsehoe Lake (Scholz 2000; McLellan et al.
2006) and Sullivan Lake in Pend Oreille County (Nine and Scholz
2005; McLellan 2005, 2006), Deer Lake (Scholz et al. 1988; Divens
et al. 2000; McLellan et al. 2006), Loon Lake (Scholz et al. 1988;
McLellan et al. 2006b) in Stevens County, and Rimrock Lake,
Yakima County. Although natural reproduction occurs, some of
these lakes are supplemented annually with hatchery produced kokanee. WDFW and the Spokane Tribe of Indians stocked 41,422,948
kokanee into Lake Roosevelt between 1988 and 2010. Additionally,
Lake Roosevelt has a wild stock of kokanee that are naturally reproducing probably by lakeshore spawning in deep water within
the lake.
The abundance of naturally spawning kokanee has been assessed in Lake Chelan, (Fielder 1999) and Sullivan Lake (McLellan
2002, 2003, 2004, 2005, 2006; Baldwin and McLellan 2005). Also
crude estimates of the spawning population abundance are available for Horseshoe Lake, Chain Lake and Bead Lake (Scholz et al.
2001, 2002; Polacek et al. 1999; Rader et al. 2006).
Peak counts of kokanee spawners within the Lake Chelan Basin
were made from 1981–2012 (Peven 1989, 1990; Fielder 1999, 2002,
2003a, 2003b; Stone and Fielder 2004; Schoolcraft and Mosey
2006; Keesee et al. 2008, 2009, 2010, 2011; Keesee and Keller 2013).
The annual escapement of kokanee returning to 10 tributaries of
Lake Chelan (Company and Blackberry Creeks, tributaries of the
Stehekin River; Safe Harbor, 25-mile, First, Mitchell, Gold, Grade,
Prince and Fish creeks) was estimated each year except 1983. The
spawning escapement totaled 1,332,769 kokanee, and annually
averaged (ranged) 42,993 (4,668-101,309) during this 31 year period of record. The highest count was made in 2003; the lowest
in 1985. The majority of kokanee that rear in Lake Chelan spawn
in the Stehekin River or its tributaries (Company and Blackberry
Creeks). Over the 31 year period of record, 94% (n=1,253,327) of
the total kokanee that escaped to spawning streams entered the
Stehekin River and spawned in Company or Blackberry creeks.
Kokanee spawning escapement into Lake Chelan tributaries
was estimated at (in): 9,813(1981), 19,103(1982), no count(1983),
43,799(1984), 4,668(1985), 44,020(1986), 40,381(1987), 21,911(1988),
33,595(1989), 23,470(1990), 16,965(1991), 14,305(1992), 19,413(1993),
30,447(1994), 30,551(1995), 54,340(1996), 67,833(1997), 33,768(1998),
101,147(1999),
90,713(2000),
39,635(2001),
58,623(2002),
101,309(2003), 94,039(2004), 94,039(2005), 46,240(2006),
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29,732(2007),
21,670(2008),
10,920(2009),
62,927(2010),
45,830(2011), and 17,216(2012).
Kokanee in Sullivan Lake migrate into the lower 800 m of Harvey
Creek to spawn. WDFW installed a migration trap near the mouth of
Harvey Creek to enumerate the number of spawners commencing in
2002. The number of kokanee entering Harvey Creek was estimated
at 3,498 in 2002 (McLellan 2003), 9,231 in 2003 (McLellan 2004),
14,125 in 2004 (McLellan 2005), 15,261 in 2005 (McClellan 2006),
and > 6,062 in 2006 (King and McLellan 2007). The number estimated entering the Creek in 2002 and 2006 was low because the trap
was not installed in time to intercept the first spawners. Moreover
in 2002, large numbers (approximately 1000 fish) were observed
spawning below the trap as Sullivan Lake was drawn down, creating
spawning habitat in Harvey Creek below the trap. In 2003–2006 the
trap was moved downstream to account for this problem. In 2006,
the trap was only operated on 22 of 45 days because it was blown out
periodically by high flows, therefore the count of spawning fish was
grossly underestimated.
A small run of adfluvial kokanee migrates out of Horseshoe
Lake, Pend Oreille County, and up lower 2 km of a tributary
(Buck Creek) to spawn. In the fall of 2000 I visually estimated the
spawning population to number about 165 individuals, of which
I collected 62 (212–312 mm TL) after they had spawned to obtain genetics samples. A minimum of 32 redds were constructed.
Because spawning habitat was limited in Buck Creek, I had a difficult time accurately counting redds because of problems related
to superimposition.
Another small run of adfluvial kokanee migrates out of Chain
Lake, Pend Oreille County, and up about 1 km of Little Spokane
River to a point where their migration is blocked by a perched culvert. In both 2000 and 2001, I visually estimated that about 500–
1000 kokanee had spawned in the reach (Scholz 2001, 2002). In
both years, kokanee constructed large communal redds at approximately 23 locations within this reach with about 10–30 spawning
fish on each redd. I collected 80 of these fish (339–442 mm TL) in
2000 and 107 (315–441 mm TL) in 2001 for genetic testing (Scholz
2001, 2002). In 1999, a gillnet survey conducted by WDFW determined that kokanee accounted for 31.3% of the relative abundance
of fish captured in Chain Lake and were the most abundant fish
caught in the survey (Baldwin et al. 1999).
At Bead Lake, Pend Oreille county, kokanee spawn along to
shoreline of the Lake. Polacek et al. (1999) used hydroacoustic
to estimated the total abundance of kokanee (±95 CI) in Bead
Lake at 97,227 (±37,759). Of these, 15,432 were potential spawners
>150 mm TL.
At Loon Lake, Steven’s County, beach spawning of kokanee occurs along the southeastern shoreline of the Lake. The amount of
natural reproduction has not yet been quantified, but between 1974
and 1988, when the lake received no plants of hatchery produced
kokanee it was sufficient to produce a good kokanee fishery. For
example, 496 anglers checked between 1982 and 1985 caught 1,391
kokanee, an average of 2.8 kokanee per angler (Scholz et al. 1988).
Rimrock Lake, Yakima County, is an irrigation water storage
reservoir created by damming the Tieton River in 1925. At full
pool, the surface area is 1,024 hectares. Kokanee were not native
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to Rimrock Lake; they were stocked commencing in 1934. The fish
developed natural spawning populations in the North Fork Tieton
River and Indian Creek. At the present time, natural spawning
is sufficient to maintain the kokanee population in the reservoir,
except during years following major drawdown of the reservoir.
Hence, stocking still occurs in some years.
From 1939 to 1974, the Rimrock Reservoir fisheries produced an
average (range) of about 5 (2–9) fish per angler. Following the drawdown of Rimrock Reservoir in 1974 the catch fall to 0 kokanee per angler (Cummings 1984). Following the 1974 drawdown, the catch rate
gradually improved until it was back to about 5 kokanee per angler in
1979. Then the reservoir was drawn down again in late 1979, at which
time the catch fell to 0. From 1982–1994 anglers caught an average of
7.4 kokanee per completed trip (Cummings et al. 1996). During this
period, extreme drawdowns were common, but the number of kokanee
stocked after each event when the reservoir was drained was increased
to compensate for the loss of fish, keeping the kokanee density high.
Keller and Grabowski (1987) using hydroacoustic technology
estimated that the abundance was 757,000 kokanee in September
1987, when Rimrock Reservoir impounded about 100,000 acre-feet
of water, and 303,000 kokanee in November 1987 when Rimrock
Reservoir was drawn down impounding only 10,000 acre-feet of
water. Abundance was estimated at 541,000 kokanee in September
1988 when 126,000 acre-feet was impounded and 248,900 kokanee
in October 1988 when 21,200 acre-foot were impounded (Thomas
1988). In May 2005, abundance was estimated at 111,376 (±31,131)
total kokanee. Of these, 43,325 (±12,010) were age 1 or older (100–
300 mm TL) (Shipley et al. 2006).
Kachess, Keechelus and Cle Elum Lakes, Kittitas County, were
all natural lakes with dams constructed at the outlet of each lake, so
they now act to store irrigation water and are drawn down over the
summer to provide water for irrigation in the Yakima River Basin.
All the lakes have received large plants of Lake Whatcom kokanee.
Virtually nothing is known about natural reproduction. WDFW biologists have observed a few kokanee redds in the Kachess River
at the head of Kachess Lake, in Gold and Coal creeks at the head
of Lake Keechelus, and in the Cle Elum and Cooper Rivers at the
head of Cle Elum Lake, but they do not consider there is enough
spawning to sustain the kokanee population in each lake. Instead,
they believe that the kokanee occupying the lake are the result of
annual stocking (Eric Anderson, WDFW, Yakima, pers. comm.).
Bumping Reservoir, Yakima County, and Cooper and Lost
Lakes, Kittitas, County also harbor populations of kokanee that are
apparently maintained by natural reproduction. Virtually nothing
in known about any of these populations. The last time any kokanee were stocked in any of these waters was 1952 in Bumping
Lake and 1970 in Cooper Lake (200,000 stocked in Cooper River).
There is no record of stocking in Lost Lake (Eric Anderson, Ibid.).
Kokanee are entrained from Grand Coulee Reservoir (Lake
Roosevelt) into Banks Lake through massive pumps that lift irrigation water out of Lake Roosevelt and pump it into Banks Lake
(Gangmark and Fulton 1999). From Banks Lake, they are distributed to many waters on the Columbia Plateau that are fed by irrigation canals of the Columbia Basin Project e.g., Billy Clapp Lake in
Grant County (Walton 1983).
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CHINOOK SALMON
Oncorhynchus tshawytscha (Walbaum, 1792)
Primary Identification

Confirming Characters

1.

Adipose fin present.

1.

Lateral line scales: 130–165.

2.

Axillary process present at front end of pelvic fins.

2.

Gill rakers: 16–26.

3.

Black spots on light background.

3.

Pyloric caeca: 90–240.

4.

Anal fin with >13 rays (range: 14–19).

4.

5.

Interior of mouth (tongue, sides, gum, and flesh at
base of teeth) black.

Breeding males develop kypes on upper jaw and
purple-black spawning colors.

5.

Small to medium-sized irregular shaped spots on
back and sides above lateral line/dorsal fin and in
linear arrays on dorsal and ventral lobes of caudal fin.

Figure 16.33

Chinook salmon, Lake Roosevelt, Ferry/Lincoln/Stevens Counties, WA. Inset shows details of black mouth and medium
size black spots in linear arrays on tail.

Similar Species
1.

2.

3.
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Etymology

Other Pacific salmon (chum, coho, pink, sockeye/
kokanee). Chinook salmon have small black to
intermediate sized spots on back, sides and both
dorsal and ventral lobes of the caudal fin. Chum and
sockeye/ kokanee usually without spots. Pink have
relatively large spots on back sides and both lobes of
caudal fin. Coho have fewer spots than Chinook and
those on caudal fin are confined to the upper and
posterior margins of the dorsal lobe.
Pacific trout (cutthroat, rainbow), Atlantic salmon
and brown trout usually have white mouths, <12 anal
rays and spawning kype is on lower jaw of sexually
mature males.
Charr (brook, bull and lake trout) have light spots on
dark background.

Oncorhynchus: (G.) Onco- = hooked, -rhynchus = snout; hooked
snout. Refers to the kype that develops on upper jaws of males as a
secondary sex character in males of this species.
tshawytscha: The Kamchatkan native name for Chinook salmon.

Pronunciation
Oncorhynchus - On-co-rhyn-chus (On-cô-rhyn-kus)
tshawytscha - tsh-awyt-scha (chou-ich-a)

Common Name(s)
Chinook salmon (AFS name), king, tyee (Chinook jargon
name), quinnat (Chinook Indian name for spring and summer
Chinook), spring salmon, chouicha/tshawytscha/ chaviche (various spellings of Kamchatkan native name), smLiĉ or sm-thleech
(Spokane Indian name, means “Chinook or fresh salmon”)
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(Ostermann 1995: 32); seemetlick (Colville Indian name at Kettle
Falls, Washington, Suckley 1860: 314), nacó'x (Nez Perce indians),
ntitiyix (Colville/Okenagan Indiancs (Kennedy and Bouchard
1975), sk'elwís (Colville/Okanogan Indian name for old Chinook
salmon, Kennedy and Bouchard 1975), Columbia salmon,
Sacramento salmon.

Scientific Synonyms
Salmo tschawytscha original description.
Walbaum (1792: 71).

Salmo orientalis sp. nov.
Pallus (1811: 367).

Salmo quinnat sp. nov.

Richardson (1836: 219).
Girard (1856: 217; 1859: 306); Suckley (1860: 321; 1874: 105); Stone
(1878: 2002).
Girard (186:218; 1858: 312).

Salmo argyreus Girard

Suckley (1860: 326; 1874: 110).

Salmo warreni sp. nov.

Suckley 1861: 308, 1874: 147)

Oncorhynchus quinnat Richardson

Günther (1866: 158); Jordan 1878a: 357, 1878: 69, 1880: 357)
Günther (1866: 159)

First described as Salmo tshawytscha by Walbaum (1792). Later,
Pallas (1811) named them Salmo orientalis, Richardson (1836) named
them Salmo quinnat, Girard (1856) named them Fario argyreus,
and Suckley (1861) named them Salmo warreni. Suckley (1861)
coined the term Oncorhynchus, intending it as a subgenus of Salmo
to describe those members of the genus that developed prominent spawning kypes (hooked snouts) on the upper jaw. Günther
(1866) elevated the term to generic rank and called the Chinook
salmon Oncorhynchus quinnat (Richardson). Jordan (1878) followed Günther’s lead but by 1881 had discovered Walbaum’s names.
Recognizing the priority of Walbaum’s name Jordan and Gilbert
(1881: 177) and Jordan and Gilbert (1883: 306) called Chinook
salmon Oncorhynchus chouicha (Walbaum) and synonymized
the name with Salmo tshawytscha (Walbaum). They thought that
tshawytscha was “a barbarous spelling of the word ‘chouicha,’ which
we have thought proper to simplify.” However, the Rules of Zoological
Nomenclature state that Walbaum’s original spelling should take
precedence. By 1896, Jordan and Evermann described the Chinook
salmon as Oncorhynchus tshawytscha (Walbaum) and it has been
called by this name ever since.
Suckley (1874: 10) examined Girards type specimens of Fario argyreus (USNM No. 579 and 580) and concluded that “both were very
young fish, so young as to render them impossible to decide to what
species they really belong. In many characters they resemble Salmo
quinnat…” Jordan examined specimens of Girard’s Fario argyreus in
the United States National Museum. He also examined a specimen
of Suckley’s Salmo warreni. He concluded that both were juvenile
Chinook and placed them in synonymy with Salmo quinnat. Later,
he placed them in synonymy with Oncorhynchus tshawytscha.

Fario argyreus sp. nov.

Jordan and Gilbert (1881: 177; 1883: 306); Bean (1882: 90;
1888: 308; 1894: 26)

Oncorhynchus orientalis Pallus

Systematic Notes

Salmo quinnat Richardson

Oncorhynchus couicha (Walbaum)

Oncorhynchus tshawytscha

Keil (1928: 116); Locke (1929: 181); Schultz and Hansen (1935:6);
Eschmeyer et al. (1983: 77); McGinnis (1984: 116); Page and Burr
(1991: 52); Holton and Johnson (1996: 58); Behnke (2002: 25)

Oncorhynchus tschawytsha (Walbaum)

Eigenmann (1895: 115); Gilbert and Evermann (1895: 48); Jordan
and Starks (1895: 791); Jordan and Evermann (1896–1900: 479);
Doan (1902: 69); Evermann and Goldsborough (1907: 101);
Snyder (1908: 183); Hubbs (1926: 14); Schultz (1929: 46; 1931:14;
1936: 135); Jordan, Evermann and Clark (1930: 55); Schultz and
DeLacy (1935/1936: 371); Clemens and Wilby (1946: 85); Carl and
Clemens (1948: 41); Clemens and Wilby (1949: 85); Hubbs and
Lagler (1947:44; 1958:44); Carl, Clemens, and Lindsey (1959:78;
1967: 78); Bailey et al. (1960: 11; 1970: 17); McPhail and Lindsey
(1970: 175); Hart (1973: 124); Morrow (1974: 43; 1980: 67); Scott
and Crossman (1973: 173; 1998: 173); Moyle (1976: 113, 2002: 251);
Wydoski and Whitney (1979: 53; 2003: 81); Lee et al. (1980: 96);
Robins et al. (1980: 19); Troutman (1981: 85, 213); Simpson and
Wallace (1982: 65)

Oncorhynchus tshawytscha (Walbaum, 1792)

Robins et al. (1991: 28); Mecklenburg et al. (2002: 207); Nelson
et al. (2004: 86); Scholz and McLellan (2009: 191; 2010: 443).

Distribution and Stock Status
Chinook salmon have a circum North Pacific distribution. They
ascend spawning rivers between the Ventura River, California,
and Hokkaido, Japan. In the Bering Sea they ascend the Anadyr
River, Siberia, and the Yukon River (3200 Km) to its headwaters
(Majors et al. 1978). McLeod and O’Neil (1983) reported that chinook salmon also ascend the McKenzie and Laird Rivers in the
Yukon. On the west coast of North America there were probably
over 1,000 genetically isolated spawning populations, or “stocks”
(Atkinson 1967; Arrow and Shepard 1967). Rich (1948), Bryant
(1949), Nielsen (1950), Bryant and Parkhurst (1950), Parkhurst
(1950a, 1950b, 1950c), and Parkhurst et al. (1950), and Fulton (1968)
identified approximately 135 stocks of Chinook salmon that formerly spawned in the Columbia Basin alone.
The Columbia was and still is the world’s foremost producer
of Chinook salmon. Predevelopment run size estimates numbered
3.76 million Chinook composed of 476,000 spring chinook 2.0
million summer Chinook and 1.29 million fall Chinook (Chapman
et al. 1986) to 4.78 million Chinook, composed of 597,000 spring
Chinook, 2,537,000 summer Chinook and 1,642,000 fall Chinook
(NPPC 1986). From 1938 to 2002, the average run size into the
Columbia River was 205,740 spring Chinook, 73,072 summer
Chinook and 462,570 fall chinook (WDFW/ODFW 2005). For the 10
year period (1993–2002), the average run size was 206,230 spring
Chinook, 43,510 for summer Chinook, and 394,480 fall Chinook

A. T. Scholz
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(WDFW/ODFW 2005). During the period 1938–2002, the minimum run of spring Chinook was 64,900 (in 1995), the minimum
run of summer Chinook was 17,000 (in 1995) and the minimum
run of fall Chinook was 231,900 (in 1954). During the same period maximum run sizes were 525,700 for spring Chinook (in
2005), 207,000 for summer Chinook (in 1957) and 1,175,700 for fall
Chinook (in 1941) (WDFW/ODFW 2005). The largest run in recent
memory occurred in 2002 when 1,367,000 Chinook returned to the
Columbia River, composed of 440,800 spring Chinook, 136,000
summer Chinook and 789,300 fall Chinook. During 2002, 925,452
total chinook passed through the fish ladders at Bonneville Dam,
comprised of 275,290 spring Chinook, 135,388 summer Chinook
and 514,774 fall Chinook. This number was surpassed by the runs
in 2009 and 2010 in which 1,218,849 and 1,549,148 total Chinook
respectively were counted at Bonneville Dam.
Tables 16.70 shows the numbers of spring, summer, and fall
Chinook counted at each of the mainstem dams on the Columbia
and Snake Rivers. For each run, annual average number over the
period of record (the number of years counts have been made)
and for just the past 10 years (2001–2010) are presented. This
table serves two purposes. First, it allows the reader to see how
each run is distributed in the Columbia and Snake Basins. Second,
comparing the records for the past 10 years with the period record
allows the reader to see how much progress has been made in restoring runs. In general for all dams, means and minimums have
been higher during the past 10 years then during the period of record. For example, at Bonneville Dam, the mean counts of spring
Chinook were 104,095 over the entire period of record (1938–2010)
compared to 190,842 over the past 10 years (2001–2010). The mean
counts of summer Chinook salmon were 57,096 over the period of
record compared to 88,937 over the past 10 years. The mean counts
of fall Chinook salmon were 248,879 over the period of records
compared to 452,636 over the past 10 years. The higher counts during the past 10 years are believed to be primarily related to better
ocean conditions, as well as progress in restoring runs.
In eastern Washington, Fulton (1968) identified the following
locations as former spring/summer Chinook spawning areas:
•

Big White Salmon River (enters Columbia River at
RKM 249).

•

Klickitat River (RKM 290).

•

Tucannon River (Enters Snake River at RKM 101;
Snake joins Columbia at RKM 521).

•

Grand Ronde, Wenaha, and Wallowa Rivers (Snake
RKM 274).

•

Yakima River, (Columbia RKM 539). The Naches,
Satus, Toppenish, Ahtanum, Wenas and Teanaway
rivers were tributaries of the Yakima River identified
as spring/summer chinook spawning areas.

•

Wenatchee River (Columbia RKM 753). The Chiwawa,
Little Wenatchee and White rivers, and Nason,
Icicle and Peshastin creeks were tributaries of the
Wenatchee River identified as spring/summer
Chinook spawning areas.

•

Entiat River (Columbia RKM 779).
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•

Methow River (Columbia RKM 843). The Twisp and
Chewack rivers were tributaries of the Methow River
identified as spring chinook spawning rivers.

•

Okanogan River (Columbia RKM 859). The
Similkameen River was a tributary of the Okanogan
River identified as a spring/summer chinook spawning area.

•

Sanpoil River (Columbia RKM 985).

•

Spokane River (Columbia RKM 1035) to falls at
RKM 119. Little Spokane River, Chamokane, Deep, and
Latah creeks were tributaries of the Spokane River
identified as spring/summer chinook spawning areas.

•

Colville River (Columbia RKM 1,117) to falls at RKM 6.

•

Kettle River (Columbia RKM 1,128) to falls at RKM 40.

•

Pend Oreille River (Columbia RKM 1,189) to Metaline
Falls 32 KM above mouth The Salmo River was a
tributary of the Pend Oreille River identified as a
spring/summer chinook spawning area.

•

Kootenay River (Columbia RKM 1,249) to
Bonnington Falls 32 KM above mouth).

•

Mainstem of Columbia River (from Grand Coulee
Dam, RKM 955, to headwaters RKM 1,947) was formerly a spring/summer Chinook spawning area.

In Eastern Washington, Fulton (1968) identified the following
fall Chinook spawning areas:
•

Little White Salmon River (Columbia RKM 261).

•

Big White Salmon River (Columbia RKM 270).

•

Klickitat River (Columbia RKM 290).

•

Columbia mainstem in regions now inundated by
Bonneville, the Dalles, John Day and McNary Dams
(Columbia RKM 234–536).

•

Columbia mainstem (Hanford Reach, RKM 536–635).

•

Columbia mainstem in regions now inundated
by Priest Rapids, Wanapum, Rock Island, Rocky
Reach, Wells, Chief Joseph, and Grand Coulee Dams
(RKM 635–1,192).

•

Snake River mainstem from above Ice Harbor Dam
to Shoshone Falls, Snake River RKM (25–976). Auger
Falls (RKM 860) probably blocked passage of most of
them.

•

Lower Yakima River (Columbia RKM 539).

Spawning escapement and/or redd count data is available for
most of these populations.
For the Big White Salmon River tule fall Chinook escapement
from 1965–2006 (RKM 0.0–67.4) was: 1965 (914), 1966 (2,865),
1967 (1,212), 1968 (575), 1969 (2,767), 1970 (634), 1971 (712), 1972
(864), 1973 (874), 1974 (869), 1975 (1,798), 1976 (1,881), 1977 (216),
1978 (796), 1979 (636), 1980 (1,539), 1981 (793), 1982 (1,562), 1983
(250), 1984 (369), 1985 (152), 1986 (97), 1987 (161), 1988 (366), 1989
(205), 1990 (124), 1991 (67), 1992 (132), 1993 (105), 1994 (283), 1995
(222), 1996 (32), 1997 (124), 1998 (223), 1999 (401), 2000 (147), 2001

Fishes of Eastern Washington: A Natural History

26,576
19,222
73,155
118,953
2001–2010
8,876
9,556
33,871
52,213
1975–2010
Lower Granite

30,381

26,576
19,222

21,871
75,186

73,155
118,953

127,438
2001–210

2001–2010
8,876

10,384
11,552

9,556
33,871

36,927
57,880

52,213
1975–2010

1969–2010
Lower Monumental

Little Goose

32,407
21,238
77,233
130,878
2001–2010
13,015
13,381
37,354
63,750
1962–2010
Ice Harbor
Snake

6,000
33,745
5,973
45,502
2001–2010
2,898
13,147
3,129
1977–2010
Wells

19,110

14,977

10,154
46,154

60,685
18,952

7,114
63,510

94,608
2001–2010

2001–2010
5,994

9,705
28,726

18,178
4,366

13,401

1977–2010
Rocky Reach

28,544

1977–2010
Rock Island

51,830

25,779
47,608
16,387
89,774
2006–2010
Wanapum

37,912
61,095
21,010
120,017
2001–2010
19,967
25,284
13,247
1960–2010
Priest Rapids

59,040

191,171

156,512
76,691

82,853
122,633

113,240
346,433

402,658
2001–2010

2001–2010
92,011

131,930
40,170

45,733
58,614

66,483

1954–2010
McNary

196,398

1968–2010
John Day

238,583

257,718
88,937
143,704
490,359
2001–2010
151,895
48,588
77,459
1957–2010
The Dalles

277,459

452,636
102,844
190,842
935,210
2001–2010
248,879
57,086
104,095
1938–2010
Bonneville
Columbia

435,210

# Fall
# Summer
# Spring

Most Recent 10 year

Total
Year
# Fall
# Summer

Period of record

# Spring
Total
Years
Dam
River

Table 16.71

Counts of Chinook salmon at fish ladders on dams along the Columbia and Snake Rivers over the period of record and the for the past 10 years. Numbers are annual averages for
the period indicated.

Subfamily Salmoninae
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(1,668), 2002 (1,787), 2003 (11,480), 2004 (8,691), 2005 (1,448)
(http://query.streamnet.org; Norman 1982; Hymer 1991, 1993;
Harlan 1999, 2001; Groesbeck 2003, 2004, 2005.)
Upriver bright fall Chinook were transplanted into the Big
White Salmon River. Their spawning in the Big White Salmon
River has been monitored since 1988. Their returns were: 1988
(2,922), 1989 (1,127), 1990 (788), 1991 (906), 1992 (1,303), 1993
(1,032), 1994 (1,495), 1995 (905), 1996 (1,227), 1997 (1,813), 1998
(1,288), 1999 (941), 2000 (1,183), 2001 (2,416), 2002 (3,934), 2003
(5,364), 2004 (5,604), 2005 (3,382) (http://query.streamnet.org;
Hymer 1993, Grimes 1993; Harlan 1999, 2001; Groesbeck 2003,
2004, 2005, 2006).
Spawning escapement has been determined for Klickitat
River tule fall Chinook since 1964. Tule fall Chinook counts
were: 1964 (14,934), 1965 (9,937), 1966 (4,781), 1967 (10,180),
1968 (8,042), 1969 (14,230), 1970 (1,692), 1971 (869), 1972
(1,827), 1973 (849), 1974 (280), 1975 (858), 1976 (668), 1977 (128),
1978 (233), 1979 (379), 1980 (680), 1981 (525), 1982 (758), 1983
(311), 1984 (216), 1985 (53), 1986 (415), 1987 (664), 1988 (NA),
1989 (2,333), 1990 (903), 1991 (1,086), 1992 (1,078), 1993 (1,272),
1994 (1,731), 1995 (1,112), 1996 (755), 1997 (2,553), 1998 (2,306),
1999 (2,708), 2000 (3,390), 2001 (307), 2002 (3,817), 2003
(9,838), 2004 (272), 2005 (227) (http://query.streamnet.org;
Norman 1982; Hymar 1991, 1993; Grimes 1994; Harlan 1999,
2001; Groesbeck 2003, 2004, 2005, 2006).
Spring Chinook counts in the Klickitat River were: 1977
(126), 1978 (150), 1979 (70), 1980 (63), 1981 (245), 1982 (113), 1983
(63), 1984 (102), 1985 (79), 1986 (142), 1987 (312), 1988 (1,108),
1989 (295), 1990 (224), 1991 (241), 1992 (318), 1993 (430), 1994
(96), 1995 (72), 1996 (274), 1997 (595), 1998 (240), 1999 (119),
2000 (516), 2001 (312), 2002 (898), 2003 (1,142), 2004 (817),
2005 (125) (http://query.streamnet.org; Pettit 1996, 1997, 2002,
2005; Groesbeck 2002, 2003, 2004, 2005).
Spring Chinook in the Yakima Basin spawn principally in
the Yakima mainstem between Rosa (Yakima RKM 205.8 and
Easton Dams (Yakima RKM 323), and two tributaries that enter this reach, the Cle Elum (RKM 0–13) and Teanaway Rivers
(RKM 0–7) (Malm 1984). They also spawn in the Naches
River (RKM 34–71) and three of its headwater tributaries, the
Little Naches (RKM 0–6), American River (RKM 0–25), and
Bumping River (RKM 0–27) (Malm 1984). The Naches River
joins the Yakima River at Yakima RKM 186. The Redd counts
are available for each of these streams from 1957–1961, and
1970–2006. (Table 16.72). To calculate escapement multiply
the number of redds by 3 fish per redd. Besides these streams,
spring Chinook occasionally utilized the Umtanum, Taenum,
Naenum, Manastash, Cherry, Swauk, Cabin, and Wilson
creeks and West Fork and Middle Fork of the Teanaway River
(Fast et al. 1988, 1991; Hindman et al. 1991; McMichael et al.
1992; Pearsons et al. 1993, 1994, 1996, 1998, 1999, 2001a, 2001b,
2002, 2003a, 2003b, 2004c, 2004d).
Fall Chinook spawn in the lower Yakima River between
RKM 12.2–134.4 and in Marion Drain. Redd counts of fall
Chinook in the Yakima Basin are recorded on Table 16.73. In
addition to these wild fish, hatchery fall Chinook are stocked
in the Yakima River. From 1982–2001, an average (range) of
1,473,941 (130,630–2,126,899) hatchery fall Chinook smolts
were stocked in the Yakima compared to an average (range)
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Table 16.72

Yakima Basin spring Chinook redd count summary (1957–2006). Number of redds observed. N/A = not available. (Page 1 of 2).
Upper Yakima River System:

Naches River System:

Year

Mainstem

Cle Elum

Teanaway

Total

American

Naches

Bumping

Little Naches

Total

1957

1,216

n/a

n/a

1,216

522

94

41

106

763

1958

531

n/a

n/a

531

167

34

67

16

284

1959

255

n/a

n/a

255

121

100

55

22

298

1960

184

n/a

n/a

184

25

57

31

3

116

1961

175

n/a

n/a

175

31

103

30

2

166

1970

13

n/a

n/a

13

5

14

n/a

n/a

19

1971

54

n/a

n/a

54

n/a

n/a

n/a

n/a

0

1972

56

n/a

n/a

56

9

13

n/a

n/a

22

1973

23

n/a

n/a

23

0

11

n/a

0

11

1974

25

n/a

n/a

25

2

10

n/a

2

14

1975

58

n/a

n/a

58

0

21

n/a

n/a

21

1976

60

n/a

n/a

60

1

13

1

1

16

1977

67

n/a

n/a

67

0

4

0

0

4

1978

171

n/a

n/a

171

4

34

4

4

46

1979

48

n/a

n/a

48

20

45

20

8

93

1980

196

n/a

n/a

196

20

14

20

n/a

54

1981

237

57

n/a

294

72

64

20

16

172

1982

610

30

n/a

640

11

25

6

12

54

1983

387

15

n/a

402

36

27

11

9

83

1984

677

31

n/a

708

72

81

26

41

220

1985

795

153

3

951

141

168

74

44

427

1986

1,716

77

n/a

1,793

464

543

196

110

1,313

1987

968

75

n/a

1,043

222

281

133

41

677

1988

369

74

n/a

443

187

145

111

47

490

1989

770

192

6

968

187

200

101

53

541

1990

727

46

n/a

773

143

159

111

51

464

1991

568

62

n/a

630

170

161

84

45

460

1992

1,082

164

n/a

1,246

120

155

99

51

425

1993

550

105

1

656

214

189

88

63

554

1994

226

64

n/a

290

89

93

70

20

272

1995

105

12

n/a

117

46

25

27

6

104

1996

711

100

3

814

28

102

29

25

184

1997

364

56

0

420

111

108

72

48

339

1998

123

24

1

148

149

104

54

23

330

1999

199

24

1

224

27

95

39

25

186

2000

3,349

466

21

3,836

53

483

278

73

887

2001

2,932

386

21

3,339

392

436

257

107

1,192

2002

2,441

275

110

2,826

366

226

262

89

943

2003

772

87

31

890

430

228

216

61

935

2004

2,985

330

129

3,444

91

348

205

75

719

2005

1,717

287

15

2,019

142

203

163

68

576

Table 16.72 concluded on next page.
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Table 16.72 concluded Yakima Basin spring Chinook redd count summary (1957–2006). Number of redds observed. n/a = not available. (Page 2 of 2.)
Upper Yakima River System:
Year

Mainstem

Cle Elum

Naches River System:

Teanaway

Total

American

Naches

Bumping

Little Naches

Total

2006

1,077

100

58

1,235

133

163

115

33

444

Total:

29,589

3,292

400

33,281

5,023

5,379

3,116

1,400

14,918

Mean:

705

127

29

792

123

131

87

38

355

Table 16.73

Yakima River fall Chinook redd count summary,
n/a= not available.
Number redds observed:

Year

Yakima
River

Marion
Drain

Naches
River

Total

1980

11

n/a

n/a

11

1981

12

n/a

n/a

12

1982

33

n/a

n/a

33

1983

50

101

n/a

151

1984

118

81

n/a

199

1985

45

77

n/a

122

1986

134

117

n/a

251

1987

14

75

n/a

89

1988

400

54

0

454

1989

149

114

n/a

263

1990

29

42

n/a

71

1991

n/a

39

n/a

39

1992

74

34

0

108

1993

n/a

29

n/a

29

1994

n/a

34

n/a

34

1995

n/a

26

n/a

26

1996

n/a

16

n/a

16

1997

n/a

45

n/a

45

1998

n/a

n/a

n/a

0

1999

n/a

n/a

n/a

0

2000

n/a

n/a

n/a

0

2001

n/a

n/a

n/a

0

2002

590

56

n/a

646

2003

1,273

85

11

1,369

2004

889

100

1

990

2005

449

56

n/a

505

of 220,662 (6,292–1,677,537) natural smolts migrating past Prosser
Dam.
The estimated sport harvest of fall Chinook salmon in the
Yakima River from 1998–2006 averaged (ranged) 780 (34–2,350)
adults and 23 (0–58) jack fall Chinook. The spring chinook fishing
was closed in most years, only open in 2000–2002. During these
years, harvest of spring chinook adults and jacks averaged (ranged)

832 (92–1,918) and 39 (5–105) respectively. Harvest was permitted
only on hatchery spring chinook.
In the Wenatchee Basin, spring Chinook spawned in the upper
Wenatchee River (RKM 57.0–86.7), Nason Creek (RKM 0.0–25.3),
Little Wenatchee River (RKM 4.3–11.4), White River (RKM 10.2–
22.9), Chiwawa River (RKM 0.0–48.5) and Icicle Creek (RKM 0.0–
4.5). Redd counts have been made in each of these areas since
1958 (Table 16.74). Both aerial and ground surveys have been used
for making redd counts. Data can be found in a series of reports
(French and Wahle 1959, 1965; Fast 1987, 1988; Kohn 1989; Hays
and Peven 1991, 1992; Peven 1992, 1994; Peven and Truscott 1995;
Peaven and Mosey 1996a, 1996b; Mosey and Murdoch 1998; Mosey
and Truscott 1999; Mosey and Murdoch 2000; Mosey and Murphy
2000, 2002; Grassell 2003, 2004; Schoolcraft and Grassell 2005).
In several years duplicate counts were made by WDFW and Chelan
County PUD, or Yakima Indian Nation and Chelan County PUD,
biologists. The data on Table 16.75 reflects the maximum of those
counts since in most years escapement into the Wenatchee River
far exceeded redd counts by a mean (range) of 6.59 (1.96–18.13)
over a 47 year period of record (1958–2004).
Escapement into the Wenatchee River was estimated by subtracting the Rocky Reach Spring Chinook dam count from the
Rock Island Dam Spring Chinook count. Since Rock Island Dam is
located just downstream from the confluence with the Wenatchee
River and Rocky Reach is located just upstream from the confluence with the Wenatchee River, it seemed natural to assume that
the difference was owing to the number of spring Chinook that
had migrated into the Wenatchee River. Once in the Wenatchee
River, some of these fish are taken by Leavenworth National Fish
Hatchery or the Rock Island Hatchery complex for broodstock.
Others are taken in the sport fisheries and some are taken in tribal
fisheries, so only a portion of the fish survive to spawn naturally in
the Wenatchee Basin. The number of fish taken for each of these
purposes over a 15 year period (1990–2004) is summarized on
Table 16.75. The last column on the table shows the number of fish
escaping capture to spawn naturally in the Wenatchee River Basin.
These estimates do not account for any prespawning mortality or
poaching that may have occurred before spawning.
Summer/fall Chinook salmon also spawn in the Wenatchee
River. All of their spawning occurs in the Wenatchee mainstem
from the mouth (RKM 0.0 to RKM 73.9). In the region where they
overlap with spring Chinook, between RKM 57.0 and 73.9, their
redd counts are separated by timing: Spring Chinook spawn in
August and September, and summer/fall Chinook spawn from late
September into November. Summer Chinook are further separated from Spring Chinook by the time each group passes Rock
Island Dam. Historically, there was a nadir or low point of passage
in the Chinook run at Rock Island Dam on or about June 23. Thus,
all Chinook passing Rock Island and Rocky Reach Dams before
June 23 were considered to the spring Chinook and all those pass-
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Table 16.74

Wenatchee Basin spring Chinook redd counts and escapement (1958–2004). Escapement was estimated by subtracting the
Rocky Reach Dam count from the Rock Island Dam count and making an assumption that most of the missing fish entered
the Wenatchee River. n/a= not available.(Page 1 of 2.)

Year

Upper Wenatchee
River (# redds)

Little Wenatchee
River (# redds)

Chiwawa River
(# redds)
RKM 0–48.5

Icicle
Creek
(# redds)

Nason Creek
(# redds)
RKM 0–25.3

White
River
(# redds)

Total

Escapement
(# fish)

1958

n/a

27

189

9

136

24

385

7,334

1959

42

19

91

30

116

5

303

7,349

1960

27

10

251

50

248

21

607

8,149

1961

22

28

81

19

131

11

292

7,462

1962

34

51

154

14

233

32

518

3,500

1963

30

30

207

38

108

13

426

3,010

1964

32

29

180

62

265

29

597

2,790

1965

27

75

255

20

250

31

658

2,166

1966

32

138

605

28

315

34

1,152

2,955

1967

56

93

297

44

203

90

783

1,535

1968

32

73

439

52

384

35

1,015

4,820

1969

33

20

459

9

275

57

853

2,861

1970

44

11

421

11

164

6

657

1,361

1971

n/a

20

114

20

37

48

239

923

1972

61

32

*

215

21

92

59

480

4,082

1973

43

78

427*

11

368

51

978

5,193

1974

1

20

87

120

183

37

448

5,012

1975

n/a

14

229

178

254

22

697

3,179

1976

18

19

220

138

103

36

534

5,636

1977

46

0

293*

15

94

39

487

13,038

1978

39

27

279*

55

233

44

677

12,946

1979

27

0

59

89

70

n/a

245

5,132

1980

16

1981

26

1982

*

*
*
*

*

22

*

119

91

66

n/a

314

5,545

36

187

18

105

18

390

4,462

1

57

178

21

107

59

423

5,429

1983

3

65

383

15

216

89

771

6,765

1984

16

64

348

43

100

52

623

8,603

1985

91

55

507

17

209

119

998

17,848

1986

92

42

320

26

95

61

636

17,459

1987

42

81

444

55

135

44

801

16,018

1988

76

64

295

58

141

62

696

11,966

1989

94

45

314

24

98**

62

637

8,670

1990

36

30

255

50

103

22

496

6,012

1991

41

18

104

40

67

21

291

4,791

1992

38

35

302

37

81

35

528

13,352

1993

86

61

106

53

223

60

589

16,545

1994

6

7

82

15

27

3

140

1,983

1995

1

0

13

9

7

2

32

854

1996

1

3

23

12

33

12

84

1,735

Table 16.74 concluded on next page.
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Table 16.74 concluded Wenatchee Basin spring Chinook redd counts and escapement (1958–2004). Escapement was estimated by subtracting the Rocky Reach Dam count from the Rock Island Dam count and making an assumption that most of the missing
fish entered the Wenatchee River. n/a= not available. (Page 2 of 2.)

Year

Upper Wenatchee
River (# redds)

Little Wenatchee
River (# redds)

Chiwawa River
(# redds)
RKM 0–48.5

Icicle
Creek
(# redds)

Nason Creek
(# redds)
RKM 0–25.3

White
River
(# redds)

Total

Escapement
(# fish)

1997

15

8

82

33

55

15

208

4,555

1998

0

8

41

11

29

5

94

2,726

1999

2

3

34

6

8

1

54

2,774

2000

37

9

128

68

100

8

350

11,787

2001

208

74

1,046

88

374

93

1,883

27,623

2002

55

42

345

245

294

38

1,019

15,497

2003

24

12

111

18

83

13

261

15,823

2004

49

12

253

30

159

20

523

9,757

Total:

1,702

1,667

11,572

2,116

7,177

1,638

25,872

349,012

Mean:

39

35

246

45

153

36

550

7,426

Represents data that includes counts for only fish from RKM 30.9–43.2.
Represents data from RKM 13.3–25.3

*

**

Table 16.75

Spring Chinook escapement into Wenatchee River Basin, 1990–2004.

Year

# Spring Chinook
entering Wenatchee*

# used for Leavenworth
Hatchery broodstock

Sport
fishing
count

Tribal
harvest
count

# used for Rock
Island Hatchery
broodstock

Escapement to
spawn naturally in
Wenatchee River

1990¹

6,012

2,578

1,025

825

0

1,584

1991²

4,791

2,178

775

519

33

1,286

1992³

13,352

7,266

1,805

2,350

75

1,856

1993⁴

16,545

4,954

2,055

5,216

106

4,214

1994⁵

1,983

1,019

50

50

15

849

1995⁶

854

467

0

0

0

387

1996⁶

1,735

1,148

55

95

13

424

1997⁷

5,012

2,839

832

783

120

438

1998⁸

2,726

1,541

182

390

48

565

1999⁹

2,509

1,745

166

122

0

356

2000⁹

9,824

4,457

1,606

2,058

49

1,654

2001¹⁰

27,623

6,259

2,260

5,075

379

13,650

2002¹¹

14,618

6,459

1,201

3,793

84

3,081

2003¹²

12,297

4,825

935

1,881

116

4,540

2004¹³

5,505

2,308

347

863

243

1,744

Total

125,386

50,043

13,294

24,020

1,281

36,628

Mean

8,359

3,336

886

1,601

85

2,442

*Rock Island Dam count - Rocky Reach Dam count.
References: ¹Hays & Pevan (1991); ²Hays & Pevan (1992); ³Peven (1992); ⁴Peven (1994); ⁵Peven & Truscott (1995); ⁶Peven & Truscott (1996); ⁷Mosey &
Murdoch (1998); ⁸Mosey & Truscott (1999); ⁹Mosey & Murdoch (2000); ¹⁰Mosey & Murdoch (2002); ¹¹Grassell (2003); ¹²Grassell (2004); ¹³Schoolcraft &
Grassel (2005).
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ing these dams after that date were considered to be summer/fall
Chinook. In recent years, fisheries biologists have used the actual
nadirs for each Dam to make this separation. For example, in 2000
the nadir at Rock Island Dam occurred on 8 June and the nadir
at Rocky Reach Dam occurred on 13 June. As of 8 June, a total
of 15,293 spring Chinook had ascended the ladder at Rock Island.
As of 13 June, 5,469 spring Chinook had ascended Rocky Reach
ladder. Thus, an estimated 9,824 spring Chinook had entered
the Wenatchee River. After 8 June, a total of 34,100 summer/fall
Chinook passed Rock Island Dam and after 13 June, a total of 19,252
summer/fall Chinook passed Rocky Reach Dam. Thus, an estimated 14,275 summer/fall Chinook entered the Wenatchee River.
The number of summer/fall Chinook redds and escapement
into the Wenatchee River from 1960–2004 is shown in Table 16.76.
Escapement far exceeded redd counts as indicated by a mean
(range) of 5.9 (2.7–17.9) fish (adults + jacks) per redd over a 45
year period of record (1960–2004). In contrast to spring Chinook,
which are sustained by natural reproduction and releases of fish
from both Leavenworth National Fish hatchery and the Rock
Island Hatchery complex, summer Chinook are sustained primarily by natural reproduction. The last release of summer Chinook
made by Leavenworth hatchery was in 1961 (Mullan 1987). From
1961 until 1991, summer Chinook in the Wenatchee River were sustained solely by natural reproduction. Since 1991 there has been a
small contribution from the Rock Island Hatchery complex which
collects a portion of the escapement into the Wenatchee River to
use as brood fish. Table 16.77 shows the number of fish escaping
into the Wenatchee River (i.e. the Rock Island Dam Count - Rocky
Reach Dam Count), and the number removed for Rock Island
Hatchery complex brood stock, resulting in an estimate of the
number of fish escaping to spawn naturally in the Wenatchee River
during the 15 year period from 1990–2004. These estimates do not
account for any prespawning mortality, poaching or sport fishing
that might have occurred before the fish were able to spawn.
One difference between spring and summer/fall Chinook in the
Wenatchee Basin is the number of jacks that return. The average
(range) percent of the total run that was comprised of jacks 5.8
(0.2–29.2)% for spring Chinook and 18.7% (3.2–37.0)% for the summer/ fall Chinook over a 26 year period (1975–2000).
In the Entiat Basin spring Chinook spawn between RKM 25.9
and RKM 46.2 of the Entiat mainstem and in the Mad River (joins
Entiat at RKM 16.2) between RKM 2.4 and RKM 8.3 (Carie 1996;
Hamstreet and Carie 2002). Annual redd counts are available for
an index area that encompasses a reach between RKM 34 and 45
from 1962–2001 (Table 16.78). Total counts that include counts between RKM 25.9 and 46.2 and the Mad River (RKM 2.4–8.3) have
been made since 1994 (Table 16.78). Additionally, since the Entiat
is the only principal salmon bearing river that joins the Columbia
River between Rocky Reach and Wells Dam, escapement into
the Entiat can be estimated by subtracting the number of spring
Chinook counted passing Wells Dam from the number that passed
Rocky Reach Dam (Table 16.78). Only a portion of the escapement
spawn naturally in the Entiat River because spawners are collected
by Entiat National Fish Hatchery (NFH). For example, in 1996,
when the difference between Rocky Reach and Wells counts totaled 241 spring Chinook, 175 of them were used for broodstock
at Entiat NFH and only 66 fish allowed to spawn naturally in the
Entiat River (Carie 1996). In 2001, when the difference between
Rocky Reach and Wells counts totaled 4,417 spring Chinook, 2,666
1340

were used for broodstock at Entiat NFH and 1,751 were allowed to
spawn naturally in the Entiat River (Hamstreet and Carie 2002).
Summer Chinook spawn in the Entiat Basin between RKM 0.5
and RKM 6.9, and RKM 25.9 and RKM 41.3. Total counts of summer Chinook are available from 1994–2001 (Table 16.78). In 2001,
78% (93 of 119) or total redds counted were observed between
RKM 0.5 and RKM 6.9, 22% (26 of 119) of total redds were observed
between RKM 25.9 and 34.1, and 0 were observed between RKM
34.7 and 41.3. Escapement data were calculated by subtracting the
number of summer Chinook counted passing Wells Dam from the
number of Summer Chinook passing Rocky Reach Dam. During
these years (2001–2010) the number of summer Chinook counted
at Rocky Reach and Wells dam averaged 46,154 and 33,154 respectively, meaning the escapement to the Entiat River averages 12,409
nearly double the average of 6,353 summer chinook escaping in
the Entiat River from 1962–2001). Only a portion of the escapement spawns naturally in the Entiat because some are collected for
Wells Hatchery broodstock, some spawn in the Chelan River, some
spawn in the Columbia River between the two dams and some are
harvested by anglers. For example, in 2001 when the difference
between Rocky Reach and Wells Dam counts was 9,573, it was estimated that 1,894 were used for Wells broodstock, 576 spawned
in the Chelan River, 206 spawned in the Columbia between the
Rocky Reach and Wells dams, and 173 were harvested by sport anglers, resulting in an escapement into the Entiat River of 6,724.
Summer/fall Chinook spawned at the mouth of the Chelan
River. In 2002, 253 redds were observed there. Estimated summer
Chinook escapement into the Chelan River that year was 582 based
on the redd count times 2.3 fish/redd (Miller 2003). Redd counts
and estimated escapement into the Chelan River were respectively
173 and 419 in 2003 (based on 2.42 fish/redd) 185 and 42 in 2004
(based on 2.27 fish/redd), and 179 and 524 in 2005 (based on 2.93
fish/redd) (Miller 2004, 2005, 2006).
In the Methow Basin spring Chinook spawn in the upper Methow River between RKM 43.5 and RKM 116.8, and in the
Chewack, Lost and Twisp Rivers and in Early Winters Creek.
In 1987, a total of 673 spring Chinook redds were counted in the
Methow Basin, including 254 in the Methow River, 188 in Chewack
River, 56 in the Lost River, 161 in the Twisp River, and 14 in Early
Winters Creek (Kohn 1987). In 1988, a total of 733 spring Chinook
redds were counted in the Methow Basin, including 262 in the
Methow River, 202 in the Chewack River, 53 in the Lost River, 199
in the Twisp River, and 17 in Early Winters Creek (Kohn 1988).
In 1989, an total of 517 redds were counted in the Methow Basin,
including 110 in the Methow River, 160 in the Chewack River, 57
in the Lost River, 179 in the Twisp River, and 11 in Early Winters
Creek (Kohn 1989).
Summer Chinook also spawn in the Methow River between
RKM 0.0 and RKM 87.2. In the region between RKM 43.5 and 87.2
where they overlap spring Chinook the two races were separated
by timing. Spring Chinook spawning commenced on approximately 13 August and continued until 22 September. Summer
Chinook commenced spawning on 16 September and continued
through 31 October. Peak spawning of summer Chinook was between October 13 and 20. Redd counts from 1956–2005 and shown
in Table 16.78. From 1952–2005, summer Chinook redd counts in
the Wenatchee River have averaged (ranged) 333 per year, from 65
(in 1983) to 2,013 (in 2002) (Schwartzberg and Rosen 1986; Kohn
1987, 1988, 1989; Langness 1991; Hillman and Ross 1992; Hillman
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Table 16.76

Wenatchee Basin summer/fall Chinook redd counts and escapement (1960–2004). Escapement was estimated by subtracting the Rocky Reach Dam count of summer Chinook from the Rock Island dam count of summer Chinook.
Year

Highest
redd count

Escapement
(adults + jacks)

Escapement
(adults)

Year

Highest
redd count

Escapement
(adults + jacks)

Escapement
(adults)

1960

502

12,872

n/a

1983

723

6,409

4,125

1961

872

17,055

n/a

1984

1,332

11,792

8,647

1962

1,035

11,032

n/a

1985

1,058

11,654

9,979

1963

1,223

9,447

n/a

1986

1,322

12,206

10,609

1964

1,300

10,999

n/a

1987

2,955

12,677

10,747

1965

706

6,164

n/a

1988

2,102

12,914

11,305

1966

1,260

9,370

n/a

1989

3,331

13,625

12,627

1967

1,593

4,589

n/a

1990

2,479

10,174

9,517

1968

1,776

11,320

n/a

1991

2,180

7,855

7,086

1969

1,354

9,125

n/a

1992

2,328

6,731

5,026

1970

1,333

9,732

n/a

1993

2,334

8,388

7,587

1971

1,419

10,450

n/a

1994

2,426

7,620

6,698

1972

1,364

10,894

n/a

1995

1,872

7,226

6,539

1973

1,119

4,709

n/a

1996

1,435

5,326

4,571

1974

1,155

3,394

n/a

1997

1,388

5,338

5,126

1975

925

7,575

n/a

1998

1,660

5,922

4,548

1976

1,106

6,688

4,582

1999

2,180

7,672

8,156

1977

1,365

7,319

4,574

2000

2,022

13,370

5,790

1978

1,956

12,441

10,684

2001

2,857

16,722

8,527

1979

1,698

13,208

10,967

2002

5,419

14,003

14,460

1980

2,024

10,290

9,192

2003

4,328

17,165

n/a

1981

1,469

5,539

4,947

2004

3,746

15,184

n/a

1982

1,140

6,458

4,169

Mean

1,804

9,792

7,807

and Miller 1993, 1994, 1995; Miller and Hillman 1996, 1997, 1998;
Murdoch and Miller 1998, 1999, 2000; Murdoch et al 2001; Miller
2002, 2004, 2005, 2006).
Fall Chinook salmon spawn in the Methow River between
the confluence with the Columbia (Methow RKM 1) to the town
of Methow, Washington (RKM 20). Peak numbers of fall Chinook
spawners occurred on about 10 November in 1987 and 1988 (Kohn
1987, 1988). In 1987, over 160 fall Chinook redds were observed in
this segment of the River on November 13 (Kohn 1987). In 1988, 71
fall Chinook redds were observed on November 9 (Kohn 1988). It
is believed that those fish were upriver bright fall Chinook that had
overshot Priest Rapids hatchery.
In the Okanogan Basin, summer Chinook spawned in the
Okanogan mainstem between RKM 27.2 and RKM 124.0 and in the
Similkameen River, from the mouth to Enloe Dam (RKM 0–14.1).
The Similkameen River joins the Okanogan at RKM 118.6. Redd
counts from 1956 to 2005 are shown in Table 16.79. From 1956
to 2005 counts ranged from 9 (in 1963) to 1,958 (in 2002) in
the Okanogan and from 17 (in 1963) to 2,127 (in 2004) in the
Similkameen (Schwartzberg and Roger 1986; Kohn 1987, 1988,
1989; Langness 1991; Hillman and Ross 1992; Hillman and Miller
1993, 1994, 1995; Miller and Hillman 1996, 1997, 1998; Murdoch and
Miller 1998, 1999, 2000; Murdoch et al 2001; Miller 2002, 2004,
2005, 2006). The Okanogan River also supports a small popula-

tion of fall Chinook salmon that spawn in mid-November between
RKM 27.7 and RKM 65.
The Methow and Okanogan runs of summer Chinook are supported by both wild and hatchery fish. For example in 2000, 399
carcasses in the Methow River were examined for coded wire tags
and 26.9% of these (n = 107) were determined to be of hatchery origin. Of these hatchery fish 46.6% were released from the Carlton
acclimation pond (located at RKM 43.5 on the Methow River),
20.2% were released at Turtle Rock Hatchery (located at RKM 765
on Columbia River 3.6 km upstream of Rocky Reach Dam) and
20.2% were released from Wells Hatchery (located at RKM 880
of the Columbia River) (Murdoch et al. 2001). In the Okanogan
River, 100 carcasses were recovered and 49% (n = 49) determined
to be of hatchery origin. Of these 56.8% originated from an acclimation pond in the Similkameen River, 22.7% from Turtle Rock
Hatchery and 18.2% from Wells Hatchery (Murdoch et al. 2001).
In the Similkameen River, 765 carcasses were recovered and 73.7%
(n = 564) were determined to be of hatchery origin. Of these, 98.7%
originated from the Similkameen acclimation pond (Murdoch et
al. 2001).
The total escapement of summer Chinook into the Methow
and Okanogan Rivers was determined from 1992 to 2000 based on
differences between the Wells Dam count minus Indian Harvest
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(Table 16.80). Escapement averaged (ranged) 6,470 (3,563–13,573)
summer Chinook during the interval.
Upriver bright fall Chinook spawn in the Hanford Reach of
the Columbia River between the upper end of McNary Reservoir
(RKM 549) and Priest Rapids Dam (RKM 639). Spawning primarily occurs in discontinuous segments between RKM 558 and 630
(Dauble and Watson 1997). Redd counts have been made from
1948–2006 and estimates of the total number of fish escaping
fisheries to produce these redds was estimated from 1964–2005
(Watson 1970; Dauble and Watson 1900, 1997; Dauble and Watson
1987; Evenson et al 2003). Redd counts (ranged) 3,760 (62–9,465)
from 1948–2006 (Table 16.81). Escapement has averaged (ranged)
39,563 (15,115–89,312) from 1964–2006 (Table 16.81).
Adult and jack fall Chinook are harvested by anglers in the
Hanford Reach of the Columbia River. The number of anglers has
averaged (ranged) 17,178 (14,955–24,174) between 1998–2006. They
harvested an average (range) of 4,874 (3.301–8,082) adults and 742
(432–1,430) jacks. Also from 1981 to 1990 nearly 8 million hatchery
raised juvenile Chinook were released annually into the Hanford
Reach, 80% from Priest Rapids hatchery. Most of Priest Rapids
hatchery releases were an upriver bright (URB) fall Chinook stock,
with similar genetics to the wild fish. In some years additional
releases of URB stock fall Chinook into the Hanford Reach came
from Ringold Springs, another hatchery within the Hanford Reach
that raises fall Chinook.
Although Hanford Reach upriver bright fall Chinook are usually considered to be a natural stock, Evenson et al (2003), based on
coded wire tag returns of fish released from Priest Rapids Hatchery
over a 23 year period (1975–1997), have shown that plenty of hatchery fish stray to spawn along with the natural fish in the Hanford
Reach. The percent contribution of Priest Rapids hatchery stock
compared to the Hanford Reach escapement averaged (ranged)
8.6% (1.3–33.1%) between 1979 and 2001 (Evenson et al. 2003).
Although the Hanford Reach is considered to be the last freeflowing segment of the Columbia River, this is somewhat of a misnomer. While it is true that the Hanford Reach is not inundated by
a reservoir, it is still subjected rapid fluctuations in discharge from
Priest Rapids Dam (from a peak of about 4400 m³/sec to less that
1800 m³/sec over a 24 hour period) that has the potential to strand
eggs or fry on Vernita Bar, a gravel bar located Priest Rapids Dam
project where many chinook spawn. These fluctuations are for load
following for hydropower generation, irrigation, water storage and
flood control. Stranding was reported to have killed fish at times
(Page 1976; Bauersfeld 1978; Becker et al. 1987; Wagner et al. 1997).
To ascertain the magnitude of the problem, WDFW evaluated the
number of eggs produced in the Hanford Reach, the number of
mortalities observed owing to stranding, and the number at risk
of mortality because of strandings over a 5-year period of (1998–
2003) (Nugent et al. 2001a, 2001b, 2002a, 2002b, 2002c; Hoffarth
2003, 2004; Hoffarth et al. 2003). Results are shown in Table 16.82.
The average (range) in number of emergent fry was 19.5 million
(8.5–28.0 million). The average (range) in observed mortality
was 424,974 (45,487–2,013,638). The percentage mortality averaged (ranged) 2.0% (0.3–7.2%). The number at risk from stranding
averaged (ranged) 617,874 (144,294–2,013,630). The percentage at
risk from stranding averaged (ranged) 3.2% (0.7–7.2%). However,
Rogers and Hilburn (1988) were of the opinion that the loss of 250
chinook redds on Vernita Bar would have no detrimental, and possibly beneficial consequences on the total chinook production in
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Table 16.77

Summer/ fall Chinook escapement into Wenatchee
River Basin.

Year

# of summer
Chinook
entering
Wenatchee*

# used for
Rock Island
hatchery
broodstock

Escapement to
spawn naturally in
Wenatchee River

1990¹

10,174

n/a

9,517

1991²

7,855

132

7,723

1992³

6,731

335

6,396

1993⁴

8,364

451

7,913

1994⁵

7,260

423

7,197

1995⁶

7,226

395

6,831

1996⁷

5,299

380

4,919

1997⁸

5,102

239

4,863

1998⁹

5,901

377

5,524

1999¹⁰

8,831

485

8,349

2000¹¹

13,886

492

13,394

2001¹²

17,302

492

17,302

2002¹³

15,402

492

14,910

2003¹⁴

20,747

496

20,253

2004¹⁵

19,436

492

18,944

Total

159,516

5,681

154,035

Mean

19,940

757

19,254

Rock Island Dam count - Rocky Reach Dam count.
References: ¹Hays & Peven (1991); ²Hays & Peven (1992); ³Peven (1992);
⁴Peven (1994); ⁵Peven & Truscott (1995); ⁶Peven & Mosey (1996a);
⁷Mosey & Mosey (1996b); ⁸Mosey & Murdoch (1998); ⁹Mosey & Truscott
(1999); ¹⁰Mosey & Murdoch (2000); ¹¹Mosey & Murphy (2001); ¹²Mosey
& Murphy (2002); ¹³Grassell (2003); ¹⁴Grassell (2004); ¹⁵Schoolcraft &
Grassell (2005).
*

the Hanford Reach if the stock is above maximum sustained yield
escapement.
Priest Rapids Hatchery has released upriver bright fall Chinook
since 1971. The number of fish released annually from the hatchery between 1976 and 1996 and the number of these fish that either returned to the hatchery or were recovered in the Hanford
Reach is shown in Table 16.83. The percentage of fish that have
returned over the 19 year period for which there are records has
averaged (ranged) 0.28% (0.09–0.53%), distributed approximately
70% to 30% between the hatchery and the Hanford Reach. In 2005,
6,599,855 fry were released from the hatchery in the Columbia
River below Priest Rapids Dam (Lewis and Pearson 2005). The
Ringold Hatchery has also released upriver bright fall Chinook
since 1980.
Upriver bright fall Chinook also spawn in the Columbia mainstem below Wanapum, Rock Island, Wells, and Chief Joseph Dams
and near the mouth at the Chelan River in Rocky Reach Reservoir.
Meekin (1967) observed exposed fall Chinook redds below Chief
Joseph Dam and Ashbrook et al. (2008) tracked Chinook above
Wells Dam and thought some of them might have spawned below Chief Joseph Dam, but Miller (2003) failed to find any there.
Hanrahan et al. (2004) estimated that 5% (48.7 hectares) of the habitat below Chief Joseph Dam was suitable for fall chinook spawn-

Fishes of Eastern Washington: A Natural History

Subfamily Salmoninae

Table 16.78

Entiat River spring and summer Chinook redd counts and escapement (1962–2001). n/a =not available.
Spring Chinook

Year

Summer Chinook

Redd counts (in index area)

Redd counts (in expanded area)

Escapement

Redd counts

Escapement

1962

115

n/a

3,697

n/a

9,295

1963

145

n/a

4,644

n/a

5,776

1964

384

n/a

6,536

n/a

10,752

1965

104

n/a

2,755

n/a

15,975

1966

307

n/a

6,962

n/a

19,445

1967

252

n/a

4,403

n/a

15,558

1968

252

n/a

1,491

n/a

14,721

1969

83

n/a

801

n/a

12,996

1970

70

n/a

1,705

n/a

11,822

1971

136

n/a

964

n/a

10,031

1972

61

n/a

278

n/a

5,577

1973

229

n/a

1,407

n/a

9,683

1974

88

n/a

843

n/a

8,274

1975

156

n/a

1,128

n/a

15,367

1976

47

n/a

670

n/a

11,892

1977

171

n/a

2,133

n/a

7,847

1978

326

n/a

3,835

n/a

3,816

1979

n/a

n/a

1,285

n/a

36

1980

107

n/a

937

n/a

1,754

1981

95

n/a

1,733

n/a

1,196

1982

107

n/a

507

n/a

753

1983

107

n/a

643

n/a

891

1984

84

n/a

891

n/a

1,058

1985

115

n/a

3,653

n/a

2,264

1986

105

n/a

1,150

n/a

2,024

1987

64

n/a

1,242

n/a

1,515

1988

67

n/a

1,923

n/a

1,536

1989

37

n/a

1,576

n/a

2,593

1990

83

n/a

970

n/a

1,229

1991

32

n/a

622

n/a

1,502

1992

42

n/a

1,151

n/a

1,479

1993

100

n/a

1,812

n/a

1,668

1994

24

34

131

15

2,756

1995

1

13

187

46

2,582

1996

8

20

241

53

3,347

1997

20

37

1,043

30

4,187

1998

15

24

336

46

3,541

1999

6

26

1,039

47

7,022

2000

28

73

3,372

99

10,874

2001

144

202

3,545

114

9,573

Total:

4,317

429

74,241

450

254,135

Mean:

111

54

1,856

56.25

6,353
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Table 16.79

Redd counts of summer Chinook Salmon in the Okanogan and Similkameen Rivers, 1956–2000 (Data from Murdoch
2006).
Okanogan River

Table 16.80

1344

Similkameen River

Okanogan River

Similkameen River

Year

Aerial
survey

Ground
survey

Aerial
survey

Ground
survey

Year

Aerial
survey

Ground
survey

Aerial
survey

Ground
survey

1956

37

n/a

300

n/a

1982

23

n/a

56

n/a

1957

53

n/a

30

n/a

1983

36

n/a

57

n/a

1958

94

n/a

30

n/a

1984

235

n/a

301

n/a

1959

50

n/a

31

n/a

1985

138

n/a

309

n/a

1960

29

n/a

23

n/a

1986

197

n/a

300

n/a

1961

n/a

n/a

n/a

n/a

1987

201

n/a

164

n/a

1962

n/a

n/a

n/a

n/a

1988

113

n/a

191

n/a

1963

9

n/a

17

n/a

1989

134

n/a

221

n/a

1964

112

n/a

51

n/a

1990

88

47

94

147

1965

109

n/a

67

n/a

1991

55

64

68

91

1966

389

n/a

154

n/a

1992

35

53

48

57

1967

149

n/a

77

n/a

1993

144

162

152

288

1968

232

n/a

107

n/a

1994

372

375

463

777

1969

103

n/a

83

n/a

1995

260

267

337

616

1970

656

n/a

357

n/a

1996

100

116

252

419

1971

310

n/a

210

n/a

1997

149

158

297

486

1972

182

n/a

55

n/a

1998

75

88

23

276

1973

138

n/a

64

n/a

1999

222

369

903

1,275

1974

112

n/a

130

n/a

2000

384

549

549

993

1975

273

n/a

201

n/a

2001

883

1,180

865

1,540

1976

107

n/a

184

n/a

2002

1,958

2,667

2,000

3,358

1977

276

n/a

139

n/a

2003

1,099

1,035

103

378

1978

195

n/a

268

n/a

2004

1,310

1,327

2,127

1,660

1979

173

n/a

138

n/a

2005

1,084

1,611

1,111

1,423

1980

118

n/a

172

n/a

Total:

13,256

10,068

14,000

13,784

1981

55

n/a

121

n/a

Mean:

276

629

292

862

Total escapement of summer Chinook into the Methow and Okanogan Rivers.
Year

Wells Dam

Indian Harvest

Escapement

Total redds

1992

3,648

320

3,328

217

1993

5,075

210

4,865

599

1994

8,294

1,061

7,233

1,462

1995

4,642

444

4,198

1,240

1996

3,563

551

3,012

686

1997

3,783

403

3,335

849

1998

5,319

759

4,560

589

1999

10,335

537

9,798

2,084

2000

13,573

442

13,131

2,042

Total

58,232

4,727

53,460

9,768

Average

6,470

525

5,940

1,085
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Table 16.81

Redd counts of upriver bright fall Chinook spawning in the Hanford Reach of the Columbia River. Adult escapement
(1964–1980) from Dauble and Watson (1997), (1980–2001) from Evenson et al. (2002, 2003, 2006) and, Hoffarth (2006,
2007). n/a = not available.

Year

Redd count

Escapement

Year

Redd count

Escapement

Year

Redd count

Escapement

1948

787

n/a

1968

3,521

24,067

1988

8,132

74,034

1949

314

n/a

1969

4,040

34,939

1989

8,834

65,913

1950

297

n/a

1970

3,722

26,730

1990

6,506

40,177

1951

313

n/a

1971

3,563

31,398

1991

4,939

31,971

1952

141

n/a

1972

809

26,749

1992

5,483

29,449

1953

145

n/a

1973

2,900

33,084

1993

2,873

30,650

1954

165

n/a

1974

626

25,847

1994

5,619

48,857

1955

62

n/a

1975

2,533

22,242

1995

3,489

38,381

1956

90

n/a

1976

1,921

21,140

1996

7,620

37,548

1957

596

n/a

1977

3,168

31,527

1997

7,600

34,007

1958

1,006

n/a

1978

3,002

20,578

1998

5,368

29,410

1959

281

n/a

1979

2,952

23,558

1999

6,068

27,012

1960

273

n/a

1980

1,474

21,861

2000

5,507

36,027

1961

882

n/a

1981

4,829

15,115

2001

6,248

44,140

1962

1,123

n/a

1982

4,770

20,543

2002

8,041

69,242

1963

1,260

n/a

1983

5,272

36,022

2003

9,465

89,312

1964

1,413

24,048

1984

7,165

41,982

2004

8,468

79,464

1965

1,692

24,360

1985

7,523

65,769

2005

7,891

64,355

1966

3,085

28,079

1986

8,070

72,559

2006

6,190

47,095

1967

3,142

23,188

1987

8,560

88,762

Total

221,828

1,701,191

Mean

3,760

39,563

Table 16.82

Results of stranding studies with upriver bright fall Chinook salmon in the Hanford Reach of the Columbia River.
Year

Estimated # emergent fry

Observed mortality

% mortality

At risk

% at risk

1999¹

8.4 million

93,483

1.1

320,650

3.8

2000²

16.3 million

45,487

0.3

199,543

1.2

2001³

28 million

2,013,638

7.2

2,013,630

7.2

2002⁴

21.4 million

67,409

0.3

144,294

0.7

2003⁵

13.8–33.4 million

154,853

0.5–1.1

164,643

0.6–1.2

19.5 million

474,974

2

568,552

3

Average

References: ¹Nugent et al. (2001); ²Nugent et al. (2002); ³Nugent et al. (2002b); ⁴Nugent et al. (2002a); ⁵Hoffarth et al. (2003).

ing and that this habitat could support between 207 and 1,599 fall
chinook redds. Giorgi (1992) reported spawning below Wells Dam
in 2002, 2003, 2004 and 2005 when a total of 425, 157, 200 and 27
redds were counted respectively below Wells Dam (Miller 2002,
2003, 2004, 2005). At the mouth of the Chelan River 179, 253, 173
and 185 redds were counted respectively in 2002, 2003, 2004 and
2005. Horner and Bjornn (1979) reported that spawning also occurs downstream of Rock Island and Wanapum dams.
Spring Chinook salmon spawn in the Tucannon River (Snake
River Basin, Columbia County), between RKM 55.5 and RKM 87.5,
with about 50.5% of all spawning activity taking place between
RKM 67.8 to RKM 71.7. Redd counts are available for RKM 67.8 to

RKM 71.7 from 1954 to 1980, RKM 67.8 to RKM 74.1 from 1980–1984,
and for the entire spawning reach from 1985–2005 (Howell et al.
1985a; Sidel and Bugert 1987; Burgert et al. 1990, 1991, 1992, 1993;
Mendel et al. 1993; Baumgarner et al. 1994, 1997, 2000; Gallinat et
al. 2001, 2002, 2003; Gallinat 2004; Gallinat and Ross 2005, 2006).
Redd counts and total run size of adult spring Chinook into the
Tucannon River are shown in Table 16.84. Redd counts have averaged (ranged) 85 (5–299) between 1954 and 2005 and total run size
has averaged (ranged) 486 (55–1,012) between 1985 and 2005. Over
the most recent 5 years (2001–2005) redd counts have averaged
(ranged) 195 (102–299) and total run size has averaged (ranged)
690 (420–1,012).
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Table 16.83

Number of upriver bright fall Chinook salmon released by Priest Rapids hatchery, number returning to the hatchery or the
Hanford reach from these releases (1976–2000) and % return of those released. Data from Evenson et al. 2003. n/a = not available.
Adult PRH returns
To Hanford reach

Sum of hatchery returns and
Hanford Reach returns

% return

2,192

1,813

4,005

0.53

1,594

1,045

2,639

0.49

2,613

2,362

4,975

0.42

3,014

2,052

5,066

0.17

1984

6,387

2,681

9,068

0.19

1985

11,956

1,395

13,351

0.24

10,296,700

1986

14,865

22,831

37,696

0.37

1983

9,742,700

1987

18,171

14,203

32,374

0.33

1984

2,954,000

1988

9,966

9,105

19,071

0.65

1985

6,559,000

1989

6,496

856

7,352

0.11

1986

6,048,000

1990

3,479

1,669

5,148

0.09

1987

7,709,000

1991

2,636

1,410

4,046

0.05

1988

5,404,550

1992

n/a

n/a

n/a

n/a

1989

6,431,100

1993

n/a

n/a

n/a

n/a

1990

6,386,000

1994

13,819

2,511

16,330

0.26

1991

6,844,700

1995

10,740

2,885

13,625

0.20

1992

6,386,000

1996

14,280

2,336

16,616

0.26

1993

6,705,836

1997

10,836

3,364

14,200

0.21

1994

6,702,000

1998

15,074

734

15,808

0.24

1995

6,700,000

1999

23,101

3,349

26,450

0.39

Brood year

# Released

Return year

1976

759,146

1980

1977

538,015

1981

1978

1,197,297

1982

1979

3,004,934

1983

1980

4,817,750

1981

5,507,574

1982

To hatchery

1996

6,644,100

2000

7,235

3,200

10,435

0.16

Total

117,338,402

41790

178,454

79,801

258,255

5.34

Mean

5,587,543

1990

9,392

4,200

13,592

0.28

Spring Chinook adults and redds have also been observed in
the Palouse River, Whitman County. In 1989, 4 adults and 2 redds
were observed there (Mendel et al. 1994). In 1990, 3 adults and 1
redd were observed. In 1991, 2 adults and 1 redd were observed. In
1992, 2 adults and 1 redd were observed. In 1993, 2 adult Chinook
but no redds were observed in the Palouse River (Mendel et al.
1994).
Spring Chinook formerly ascended the North Fork of Asotin
Creek in Asotin County. Thirteen redds were counted there in
1973, 21 in 1984, 8 in 1985, 1 in 1986, 3 in 1987, 1 in 1980, 1 in 1989, 2
in 1990, 0 in 1991, 0 in 1992, 2 in 1993, 0 in 1994, 0 in 1995, and 0
in 1996 (Mendel et al. 1993; Baumgarner et al. 1997). Baumgarner
et al. (1997) stated the “North Fork Asotin spring Chinook run has
been extirpated.” However, since 2004 WDFW has operated a smolt
trap in Asotin Creek. In 2004, this trap collected 2,842 subyearling
Chinook and 1,279 yearling Chinook (Mayer and Schuck 2004).
In 2005, 182 subyearling and 37 yearlings were captured in the trap
(Mayer et al. 2006). Additionally, in 2005, 17 adult Chinook were
trapped on Asotin Creek, including 13 spring Chinook (Mayer et
al. 2006).
Spring Chinook also spawn in Butte Creek, tributary of the
Wenaha River (Grande Ronde River Basin) in Columbia County,
Washington. Fourteen spring Chinook redds were discovered
1346

there in 1993 (Mendel et al. 1993). Mendel et al (2002) also found
32 spring Chinook redds in the upper Touchet River, tributary of
the Walla Walla River, in Columbia and Walla Walla counties, 23 of
them in the Wolf Fork of the Touchet River.
Creel surveys were conducted by WDFW to estimate the harvest
of spring Chinook salmon in the Snake River in 2003, 2004 and
2005. From 26 April to 15 June, 2003, anglers that were interviewed
(n = 2,119) fished 5354 hours to harvest 183 spring Chinook that averaged (ranged) 71 (41–112) cm FL (Trump and Mendel 2003). The
expanded estimates were 5,567 anglers fished 27,559 hours to harvest 795 spring Chinook, including 754 hatchery fish and 41 wild
fish. Eight hundred fish were also released, including 607 wild fish
and 193 hatchery fish.
From 16 April to 7 May, 2004, 629 anglers interviewed fished
4,403 hours to harvest 299 spring Chinook that averaged (ranged)
74 (49–87) cm FL (Trump and Mendel 2004). The expanded estimates were 3,477 anglers fished 33,575 hours to harvest 1,245 spring
Chinook, including 1,129 hatchery fish and 116 wild fish. Also, 357
fish were also released, including 337 wild fish and 20 hatchery fish.
From 11 June to 30 June, 2005, 273 anglers interviewed fished
1,607 hours to harvest 38 spring Chinook that averaged (ranged) 74
(51–90) cm FL (Trump and Mendel 2005). The expanded estimates
were 966 anglers fished 5,506 hours to harvest 75 spring Chinook,
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Table 16.84

Redd counts and total run size of spring Chinook salmon into the Tucannon River. Data from Gallinat and Ross (2006).
n/a = not available. (Page 1 of 2.)
Year

Redd
counts

Total
Run size

Fish/
redd

Spawning fish
in the river

Broodstock
collected

Pre spawning
mortalities

1954

33

n/a

n/a

n/a

n/a

n/a

1955

n/a

n/a

n/a

n/a

n/a

n/a

1956

n/a

n/a

n/a

n/a

n/a

n/a

1957

168

n/a

n/a

n/a

n/a

n/a

1958

54

n/a

n/a

n/a

n/a

n/a

1959

27

n/a

n/a

n/a

n/a

n/a

1960

42

n/a

n/a

n/a

n/a

n/a

1961

102

n/a

n/a

n/a

n/a

n/a

1962

52

n/a

n/a

n/a

n/a

n/a

1963

21

n/a

n/a

n/a

n/a

n/a

1964

61

n/a

n/a

n/a

n/a

n/a

1965

24

n/a

n/a

n/a

n/a

n/a

1966

65

n/a

n/a

n/a

n/a

n/a

1967

40

n/a

n/a

n/a

n/a

n/a

1968

18

n/a

n/a

n/a

n/a

n/a

1969

61

n/a

n/a

n/a

n/a

n/a

1970

62

n/a

n/a

n/a

n/a

n/a

1971

6

n/a

n/a

n/a

n/a

n/a

1972

23

n/a

n/a

n/a

n/a

n/a

1973

24

n/a

n/a

n/a

n/a

n/a

1974

18

n/a

n/a

n/a

n/a

n/a

1975

37

n/a

n/a

n/a

n/a

n/a

1976

13

n/a

n/a

n/a

n/a

n/a

1977

19

n/a

n/a

n/a

n/a

n/a

1978

n/a

n/a

n/a

n/a

n/a

n/a

1979

n/a

n/a

n/a

n/a

n/a

n/a

1980

46

n/a

n/a

n/a

n/a

n/a

1981

75

n/a

n/a

n/a

n/a

n/a

1982

46

n/a

n/a

n/a

n/a

n/a

1983

52

n/a

n/a

n/a

n/a

n/a

1984

52

n/a

n/a

n/a

n/a

n/a

1985

219

591

3

569

22

0

1986

200

636

3

520

116

0

1987

185

582

3

481

101

0

1988

117

429

3

304

125

0

1989

106

445

3

276

169

0

1990

180

754

3

611

135

8

1991

90

523

4

390

130

8

1992

200

753

3

564

97

92

1993

192

589

2

436

97

56

Table 16.84 concluded on next page.
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Table 16.84 concluded Redd counts and total run size of spring Chinook salmon into the Tucannon River. Data from Gallinat and Ross
(2006). n/a = not available. (Page 2 of 2.)
Year

Redd
counts

Total
Run size

Fish/
redd

Spawning fish
in the river

Broodstock
collected

Pre spawning
mortalities

1994

44

140

2

70

70

0

1995

5

54

2

11

43

0

1996

68

232

2

136

80

16

1997

73

288

2

146

97

45

1998

26

144

2

51

89

4

1999

41

245

3

107

136

2

2000

92

339

3

239

81

19

2001

298

1,012

3

894

106

12

2002

299

1,005

3

897

107

1

2003

118

444

3

366

77

1

2004

160

573

3

480

92

1

2005

102

420

3

317

100

0

Total:

4,056

10,198

56

7,865

2,070

265

Mean:

85

486

3

375

99

13

including 67 hatchery fish and 8 wild fish. Also, 97 fish were released, including 85 wild fish and 12 hatchery fish.
Fall Chinook spawn between RKM 1.3 and RKM 29.8 of the
Tucannon River. Few fall Chinook spawn beyond RKM 17.4. Only
4 of a total of 257 redds observed in 2003 and 2004 were detected
above RKM 17.4 (Milks et al. 2006). Redd counts and escapements
have been reported in several papers (Bugert et al. 1990, 1991, 1992;
Mendel et al. 1993, 1994, 1995, 1996; Wargo et al. 1999; Milks and
Varney 2000; Milks et al. 2003, 2005, 2006). Escapement estimates
were made by multiplying redd counts by 3. Redd counts and escapements are recorded in Table 16.85. Redd counts have averaged
(ranged) 48 (0–183) and escapement has averaged (ranged) 144
(0–549) between 1985 and 2004.
Much of the fall Chinook run into the Snake River is intercepted at Lyons Ferry Fish Hatchery. Over a five year period
(2000–2004) the average (range) in number of adult fall Chinook
that passed Ice Harbor Dam was 15,807 (6746–21,109) (Milks et
al. 2003, 2005) (Table 16.85). During the same interval, the average (range) in numbers of adult fall Chinook that passed Lower
Monumental Dam was 13,503 (5447–19926) (Milks et al. 2003,
2005) (Table 16.86). Although Ice Harbor is the first dam that
salmon encounter on the Snake River, it is the number that passes
Lower Monumental Dam that better reflects the escapement into
the Snake River. The reason is that some fall Chinook spawning
in the Hanford Reach of the Columbia River make an initial foray
into the Snake River above Ice Harbor Dam. They then fall back
through Ice Harbor Dam and eventually find their way into the
Hanford Reach. Thus, it is the number of fall Chinook salmon that
passes Lower Monumental Dam that provides a clearer picture of
escapement into the Snake River.
When the number of adult fall Chinook salmon spawned at
Lyons Ferry hatchery (an average of 3,540 and range of 2,529–3,979)
is compared to the adult escapement either at Ice Harbor Dam or
Lower Monumental Dam, about 26.3% (range = 12.3–43.6%) of
all the fall Chinook that passed Ice Harbor Dam or about 30.8%
1348

(range = 18.8–58.7) % that passed Lower Monumental Dam were
spawned at Lyons Ferry Hatchery. Table 16.87 provides the number
of fall Chinook processed at Lyons Ferry Hatchery each year from
1984 to 2004 and the number of eggs those fish produced.
From 1993 to 1997, Dauble et al. (1999) found fall Chinook redds
in the Snake River mainstem in the tailraces of Ice Harbor, Little
Goose and Lower Granite Dams. At Ice harbor, only 1 redd was
found in 3 years of sampling. At Lower Monumental Dam, no
redds were seen during 3 years of surveys. At little Goose dam 4
redds were observed in 1993, 4 in 1994, 4 in 1996 and 1 in 1997.
At Lower Granite Dam 14 redds were observed in 1993, 5 in 1994
and none in 1995, 1996 or 1997. The redds were in water 4–8 meters deep over cobble substrate. These data suggest that the bulk of
fall Chinook spawning happens in the Snake River above Lower
Granite Dam.
In the Snake River above Lower Granite Dam, a combination
of techniques have been used to locate redds, including aerial helicopter surveys at 7 day intervals, ground truthing, and underwater
searches accomplished by scuba divers or submersible video cameras. Redd counts of fall Chinook in the Snake River and some of
its tributaries are available from 1959 to 1978 (Irving and Bjornn
1981; Witty 1988; Graves and Chandler 1996) and from 1986 to 2005
(Sidel and Bugert 1987, 1988; Bugert et al. 1989, 1990, 1991; Mendel
et al. 1982; Connor et al. 1993; Garcia et al. 1994a, 1994b, 1995, 1995,
1996, 1997, 1998, 1999, 2000, 2001, 2003a, 2003b, 2004, 2005, 20066;
Groves 1993; Groves and Chandler 1996, 2001). Redd counts in the
Snake River between 1959 and 1978 were from Hells Canyon Dam
to Lewiston Idaho. Twenty eight redds were counted in 1959, 4 in
1960, 188 in 1967, and 568 in 1969 (Irving and Bjornn 1971), 388
in 1969, 12 in 1974, 10 in 1975, 13 in 1976 (Witty 1982), and 132 in
1978 (Groves and Chandler 1996). Redd counts from 1986–2005
were made between Snake River RKM 238.1 and RKM 398.2) (Table
16.88). The redd counts averaged (ranged) 407 (7–1,709) and from
1988–2005 and 1,297 (709–1,709) from 2001–2005.
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1.9
313
26.3
30.8
1,139
3,551
7,792
10,512
8,081
¹Based on Ice Harbor Count.
²Based on Lower Monumental Count.

13,532
15,807
Mean

9,920

9.3
1,564
131.5
153.9
5,695
17,756
38,960
52,560
40,405
67,661
79,033
Total

49,600

2.1

3.4

1.4

0.8

1.6
333

430
12.3

18.8
19.9

18.8
1,596

710
3,974

2,592
8,481

7,600
14,960

11,732
9,056

5,951
19,926

13,798

Asotin Creek and the Grand Ronde River are the principle
tributaries that enter this segment of the Snake River. Redd counts
for fall Chinook in both tributaries are shown in Table 16.88. Redd
counts in the Grand Ronde River averaged (ranged) 45 (0–197)
from 1986 to 2005 and 138 (93–197) from 2001–2005. Redd counts
in Asotin Creek were not made during most of this period because
it was thought that the fish were extirpated.
The Grande Ronde River and its tributaries (Minam, Wallowa,
Wenaha rivers) also contain a wild population of spring Chinook.
The spring Chinook in the Grand Ronde Basin are distributed almost entirely in the state of Oregon.
Spring Chinook redd counts averaged 382 annually from 1967–
1969 over a 35 mile survey area (10.9/mile), 285 annually from
1970–1974 over a 27 mile survey area (10.6/mile), 117 annually from
1975–1979 over a 24 mile survey area (4.9/mile), 94 annually from
1980–1984 over a 27 mile survey area (3.5/mile), 226 annually from
1985–1989 over a 31 mile survey area (7.2/mile), 144 annually from
1990–1994 over a 46 mile survey area (3.1/mile), 24 in 1994 over a
45 mile survey area (0.5/mile), 24 in 1995 over a 46.7 mile survey
area (0.5/mile), 79 in 1996 over a 40.7 mile survey area (1.9/mile),
88 in 1997 over a 29.5 mile survey area (3.0/mile), 53 in 1998 over a
29.5 mile survey area (1.8/mile), 1.5 redds/mile in 1999, 2.2 redds/
mile in 2000, 5.6 redds/mile in 2001, 8.9 redds/mile in 2002, 4.9

11,167

144

10,666

48

21,109

Mean

20,998

2,883

2004

961

2003

Total

549

333

23.3

111

24.4

2004

811

438

3,714

549

146

6,099

183

2003

12,663

2002

6,185

195

15,193

65

6,484

2001

15,940

57

2002

19

195

2000

30.2

63

32.1

120

21

943

40

1999

4,307

1998

9,251

81

9,379

27

9,512

1997

13,297

129

10,829

43

14,240

1996

2001

87

57

75

29

46.9

25

1995

58.7

1994

1,635

84

3,169

28

7,529

1993

3,826

69

9,701

23

5,447

1992

10,454

150

6,746

183

50

2000

61

1991

Escapement into
Tucannon River

1990

Jacks

144

Adults

48

Jacks

1989

Adults

78

Jacks

26

Adults

1988

Jacks

48

Adults

0

16

Year

0

1987

% adult fish
intercepted at
Lyons Ferry²

1986

% adult for
intercepted at
Lyons Ferry¹

0

# removed at
Lyons Ferry

0

Count at Lower
Granite Dam:

1985

Count at Lower
Monumental Dam:

Estimated escapement

Count at Ice
Harbor Dam:

Redd counts

Counts of fall Chinook salmon at dams along the Snake River and the Numbers taken for spawning at Lyons Ferry Hatchery, 2000–2004.

Year

% fish in
Tucannon River

Redd counts and escapement estimates for fall
Chinook in the Tucannon River, 1985–2004. Data
from Milks et al. (2006).

Table 16.86

Table 16.85
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Table 16.87

Numbers of fall Chinook salmon processed and number of eggs collected Lyons Ferry Hatchery.
# returning to
hatchery ladder

# taken from Ice
Harbor ladder

# taken from Lower
Granite Ladder

Year

Adults

Jacks

Adults

Jacks

Adults

Jacks

Total #
processed

# eggs
collected

1984

n/a

n/a

n/a

n/a

n/a

n/a

0

1,567,823

1985

n/a

n/a

n/a

n/a

n/a

n/a

0

1,414,342

1986

245

1,125

n/a

n/a

n/a

n/a

1,370

592,061

1987

1,654

543

n/a

n/a

n/a

n/a

2,197

5,957,976

1988

327

1,053

n/a

n/a

n/a

n/a

1,380

2,926,748

1989

704

670

n/a

n/a

n/a

n/a

1,374

3,518,107

1990

521

602

1,092

0

49

0

2,264

3,512,571

1991

310

146

409

14

41

17

937

2,944,676

1992

281

124

307

34

64

14

824

2,265,557

1993

667

123

126

21

218

3

1,158

2,181,879

1994

563

393

n/a

n/a

184

141

1,281

1,532,404

1995

598

1,658

n/a

n/a

433

270

2,959

1,461,500

1996

838

593

n/a

n/a

323

58

1,812

1,698,309

1997

595

603

n/a

n/a

447

205

1,850

1,451,823

1998

1,432

615

n/a

n/a

955

617

3,619

2,521,135

1999

1,701

549

n/a

n/a

1,525

409

4,184

4,668,267

2000

1,821

558

n/a

n/a

1,375

1,077

4,831

4,190,338

2001

2,012

268

n/a

n/a

2,295

675

5,250

4,734,243

2002

1,783

482

n/a

n/a

1,931

329

4,525

4,910,467

2003

2,172

1,264

n/a

n/a

420

332

4,188

2,812,751

2004

2,863

506

n/a

n/a

1,116

204

4,689

4,625,638

Total

21,087

11,875

1,934

69

11,376

4,351

50,692

61,488,615

Mean

1,110

625

484

17

758

290

2,414

2,928,029

redds/mile in 2003, 7.9 redds/mile in 2004 and 4.1 redds/mile in
2005 (McGowin and Powell 1998, McGowin and Morton 2006).
Since 1978, Rapid River Hatchery, Idaho and Carson National
Fish Hatchery (located on Wind River, Washington) have planted
spring Chinook into Catherine and Looking Glass Creeks in the
Grande Ronde system.
A mix of tule fall Chinook and mid-Columbia bright fall Chinook
spawn in the mainstem of the Columbia River below Bonneville Dam
near Ives and Pierce Islands at depths of about 0.4 m. A portion of the
bright fall Chinook spawn at deepwater sites (0.9–9.7 meters deep) in
this area. From 1998 to 2005 the estimated number of shallow water
redds was 199 (in 1988), 152 (in 1999), 225 (in 2000), 48 (in 2001),
214 (in 2002), 190 (in 2003), 337 (in 2004), and 319 (in 2005) (Van
der Naald et al. 1999, 2001, 2002, 2003, 2004, 2005, 2006; Tamaro et
al. 2007). The estimated number of Chinook spawning were 544 (in
1998), 1,012 (in 1999), 704 (in 2000), 721 (in 2001), 1,881 (in 2002),
1,553 (in 2003), 1,733 (in 2004), and 1,275 (in 2005) (Van der Naald,
Ibid.; Tamaro et al., Ibid). From 1999 to 2004, the number (expanded
number) of deepwater redds was 64 (107) in 1999; 76 (151) in 2000; 43
(717) in 2001; 192 (1,768) in 2002; 336 (3,213) in 2003; and 293 (3,198)
in 2004) (Muller and Dauble 2004; Mueller 2001, 2002, 2003, 2004,
2005). The number of juveniles sampled was 5,886 (in 1998), 12,020 in
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1999, 8,210 in 2000, 5,487 in 2001, 10,925 in 2003, 28,984 in 2004 and
3,116 in 2005 (Van der Naald, Ibid; Tamaro, Ibid).
Survey’s conducted below The Dalles, John Day and McNary
Dams from 1998–2000 did not find any evidence that spawning
took place below these dams. Only one redd (below John Day
Dam) was found during the three year interval (Van der Naald et
al. 1999, 2001, 2002).
Radiotelemetry investigations were conducted with upriver
bright fall Chinook salmon (n=5,886) migrating in the Columbia
River in 1998, and from 2000 to 2005 (Jepson et al. 2010).
Transmitters were implanted at Bonneville Dam during August to
October over the seven year period. Results indicated that populations spawning in the Hanford River, Upper Columbia, Snake,
Deschutes and Yakima rivers migrated at slightly different times
that were consistent between years. Harvest rates in Bonneville,
The Dalles, and John Day reservoirs were estimated as ranging
from 12 to 26% based on a recapture-reward for transmitters that
were voluntarily turned in by commercial, sport, and tribal fishermen. Rewards ranged from $25 to $100 per transmitter turned in.
WDFW introduced chinook salmon into Lake Chelan, Chelan
County from 1974–1978 and from 1990–2006. From 1974–1978
a total of 323,546 were placed into net pens at about 10 fish per
pound. They were held in the net pens until August when they had
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Table 16.88

Fall Chinook redds counted by all methods (aerial
surveys, ground tracking, and underwater methods) in the Snake River (RKM 238.1 and 398.2) and
the Grand Ronde River (RKM 0–82.9) and Asotin
Creek (RKM 198 and 2005).

Year

Snake River
redd count

Grand Ronde
River redd count

Asotin Creek
redd count

1986

7

-

n/a

1987

66

7

n/a

1988

64

1

n/a

1989

58

-

-

1990

37

1

-

1991

51

-

-

1992

47

5

-

1993

127

49

n/a

1994

67

15

n/a

1995

65

18

n/a

1996

104

20

n/a

1997

58

55

n/a

1998

185

24

n/a

1999

373

13

n/a

2000

346

8

n/a

2001

709

197

n/a

2002

1,113

111

n/a

2003

1,512

93

3

2004

1,709

162

4

2005

1,442

129

6

Total

8,140

908

13

Mean (86–05)

407

45

2

Mean (01–05)

1,297

138

4

attained a size of about 3.5 fish per pound (post-smolts). The idea
was to rear Chinook past their migration stage, thus land-locking
them in the lake (WDFW 2002). This procedure produced an excellent fishery for Chinook in Lake Chelan for a number of years
(WDFW 2002).
From 1990–1993, Chinook from Washougal and Wells hatcheries were again raised in net pens in lake Chelan but released at a
smaller size (21–38 per pound i.e., pre-smolt size). From 1994 to
present summer/fall Chinook were reared at Wells Hatchery and
trucked to Lake Chelan and released directly into the lake at either Twenty Five Mile Creek or Fields Point as pre-smolts (WDFW
2002). From 1990–2006, a total of 1,388,330 chinook have been
stocked in lake Chelan (WDFW Fish Stocking data).
All hatchery Chinook since 1990 have been fin clipped. None of
these fish have ever been caught in the annual salmon derby held
on Lake Chelan and very few have appeared in creel surveys. Thus,
stocking since 1990 has produced few fish that have been harvested
in Lake Chelan. I suspect that these fish probably smolted and migrated out of the lake. An impassible falls near the mouth of the
Chelan River, prevents these from re-entering Lake Chelan. They

probably contributed to constructing the redds that were counted
at the mouth of the Chelan River.
Although no Chinook were stocked from 1979–1990, fishing
continued to be good through 1996. This suggests that Chinook
have developed natural spawning populations in Lake Chelan that
have supported the Chinook fishery.
Small numbers of Chinook are known to spawn in Company
and Blackberry creeks, tributaries of the Stehekin River, the main
river that supplies Lake chelan. Escapement of Chinook into
Company and Blackberry creeks was monitored between 1993 and
2012 (Peven 1989, 1990; Felder 1999, 2000, 2003a, 2003b; Keesee et
al. 2008, 2009, 2010, 2011; Keesee and Keller 2013). Escapement
totaled 412 Chinook salmon and averaged (ranged) 21 (3-59)
Chinook per year during this 20 year period of record. During
the most recent 5 year interval (2008-2012), escapement totaled
142 Chinook salmonand averaged (ranged) 30 (5-59) Chinook per
year. Escapement by year was: 1993(12), 1994(12), 1995(22), 1996(3),
1997(23), 1998(5), 1999(22), 2000(17), 2001(17), 2002(10), 2003(23),
2004(44), 2005(35), 2006(5), 2007(8), 2008(17), 2009(59), 2010(31),
2011(36), and 2012(5). In autumn of 1995, the Stehekin River experienced the largest flood event (20,900 CFS) ever recorded between 1911 and present. The floods occurred just after the Chinook
had completed spawning and likely completely destroyed an entire years class of Chinook. This produced a comparatively poor
Chinook harvest in the lake in 1997, 1998 and 1999.
Beginning in 2005, WDFW began planting triploid chinook
into Lake Chelan, in hopes that they will grow better than diploid
Chinook. The plan includes rearing them at Wells Hatchery or East
Bank Hatchery until they are about 10 fish/lb then placing them in
net pens in Lake Chelan until they are at least 19 months old (post
smolts) to discourage them from migrating out of the lake.
WDFW stocked Chinook salmon in Sprague Lake, Adams and
Lincoln counties in 1974. These fish were stocked as fry and did not
produce many fish for the Sprague Lake creel, so the plants were
discontinued. It is probable that many of these fish smolted and migrated out of Sprague Lake, and down Cow Creek, and the Palouse
River because Chinook salmon were reported in Cow, Finnell and
Hallin Lake, which are located downstream from Sprague Lake in
the Cow Creek watershed (J. Korth, WDFW, Ephrata, Washington,
pers. comm.).
WDFW stocked Chinook salmon into Lake Roosevelt, Lincoln,
Ferry and Stevens counties in 1971 and Banks Lake, Grant County,
in 1974, 1975, and 1976. Stober et al. (1976) reported that anglers
fishing in 1975 and 1976 harvested 20% of the Chinook planted into
Banks Lake, but that it was probable that some had been pumped
into Banks Lake from Lake Roosevelt, since 5–11 pounders were
caught in Banks Lake in the 1975 creel. These fish were too large
to have been planted in 1974 and were likely from the 1971 plant in
Lake Roosevelt.
The Idaho Department of Fish and Game plants fall Chinook
into Coeur d’Alene Lake on an annual basis. Every year some of
these escape down the Spokane River. They have been caught in all
of the reservoirs along the Spokane including Nine Mile (McLellan
2003), Long Lake (Bennett and Hatch 1992, Osborne et al. 2003),
Little Falls (Heaton 1992), and the Spokane Arm of Lake Roosevelt
(McLellan and Scholz 2001, 2002, 2003). They are most abundant
in the Spokane Arm of Lake Roosevelt where a sport fishery has
developed for them at the mouth of the Spokane River and a tribal
terminal fishery occurs at the base of Little Falls Dam. In Coeur

A. T. Scholz

1351

Chapter 16

d’Alene Lake Chinook grow to 1,048 mm (41.25 inches) and weight
of 19.3 kg (42 lbs). In Lake Roosevelt, the largest Chinook salmon
(See Figure 14.2F, page 915) I have collected measured 874 mm
(34.3 inches) weighed 7.2 kg (15.5 lbs). Additionally, every autumn
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between 1986 and 1996, I observed 2–8 Chinook that migrated into
Chamokane Creek, a tributary of Little Falls Reservoir, and constructed redds. It is unknown if the redds produced any Chinook.
These fish measured between 630 and 744 mm.
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ATLANTIC SALMON
Salmo salar Linnaeus, 1758
Primary Identification

Confirming Characters

1.

Adipose fin present. Axillary process present at front
end of pelvic fins.

2.

Dark spots on light background.

3.

Anal fin with ≤12 rays.

4.

Interior of mouth white.

5.

Caudal peduncle narrow and stream-lined.

1.

Caudal fin with slight V-shape or emarginate.

1.

Irregular-shaped spots on back and sides of body,
dorsal and caudal fins. Spots often + or X-shaped, surrounded by pale haloes. Maroon spots sometimes present. Note: Spots may be obliterated by silvery guanine
deposits in anadromous and lake dwelling individuals.

2.

Body color tinted silvery brown color.

3.

Lateral line scales 109–121.

4.

Gill rakers 14–17.

5.

Pyloric caeca 30–60.
slender caudal
peduncle

Figure 16.35

Atlantic salmon.

Similar Species

Pronunciation

1.

Brown trout overlap with Atlantic salmon in many
characters used for primary identification but they have
a thicker, stouter caudal peduncle than Atlantic salmon.

2.

Pacific trout: (cutthroat and rainbow) all have ≤12
anal fin rays and white mouths but dark spots of
Pacific trout not surrounded by halos. Scales in lateral line row are usually smaller (116–230) compared
to Atlantic salmon.

3.

Pacific salmon: (Chinook, chum, coho, pink, sockeye/kokanee) usually have longer anal fin (≥13 rays)
than Atlantic salmon.

4.

Charr: (brook, bull, and lake trout) have light spots
on dark background.

Etymology
Salmo: Ancient Latin name for the Atlantic salmon (means “to
leap”).
salar: From L. Salien (to leap), means “the leaper”. Refers to its ability to jump over waterfalls.
1354

Salmo - Săl-mo
salar - sâ-lăr

Common Name(s)
Atlantic salmon (AFS name). Common Atlantic salmon (refers to
anadromous Atlantic salmon). Saumoun (old English). Saumon
(French). The u was replaced by an l, which is not pronounced,
when modern English taxonomists reverted to latin to make the
common name. Land-locked Atlantic salmon are known by numerous common names. The most common name employed
in Canada was ouananiche. This name is a contraction of two
Matagnais Indian names: ovanan (meaning salmon) and ichi
(a diminutive suffix meaning little), hence little salmon (Jordan
and Evermann 1896: 487). The most common names employed
in the United States were Sebago salmon and Schoodic salmon
(after lakes in Maine where they were native). The United States
Fish Commission (later U.S. Bureau of Fisheries) simply referred
to Atlantic salmon from Sebago Lake, Maine as “land-locked
salmon” in many of their annual fish stocking reports. Although
most fisheries biologists on the west coast immediately think about
kokanee, the land-locked sockeye, whenever they hear the term
“land-locked salmon”, it is important to realize that when reading
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early reports by federal fisheries agencies, the author(s) are almost
always talking about land-locked Atlantic salmon, which are usually defined as Salmo salar sebago.
Special terms were developed to describe the life cycles of
Atlantic salmon. Many of these were later also applied to Pacific
salmon. The term parr refers to a juvenile Atlantic salmon of
freshwater that has “parr marks” (dark vertical bars) along its side.
Smolt refers to a young Atlantic salmon with silvery sides that is
migrating for the first time into salt water. Grisle are young Atlantic
salmon that become sexually mature after one year or less in the
ocean. Most (~95%) Atlantic salmon that become sexually mature
after one year are precocious males (also called jacks) and about
5% are females (also called jills). Kelts are Atlantic salmon with a
battered and frayed appearance that survived spawning. The name
describes the fish while it remains in freshwater after spawning.

Systematic Notes
Atlantic salmon from seas of Europe were first described by
Linnaeus (1758: 308) as Salmo salar. Most taxonomist since then
have applied Linnaeus’ name to describe the anadromous (searun) variety. However, smaller-sized land-locked population of
Atlantic salmon, especially those in Canada and the United States
were initially classified as distinct species, Salmo ouananiche for
Canadian populations (see Jordan and Evermann 1896–1900: 487)
or Salmo sebago for United States populations (Girard 1853: 30).
Jordan (1878: 75) noticed that, “the land-locked salmon of Maine
(Salmo sebago Girard), [did] not differ by any constant character
from Salmo salar, and its permanent residence in freshwater [was]
the only character of which I know on which a subspecies sebago
could be based.” Based upon this observation, Jordan (1878: 75)
reduced Salmo sebago to a subspecies Salmo salar sebago. Jordan
and Gilbert (1882: 312) did not even recognize the subspecies, and
simply noted that sebago was a permanently land-locked form of
Atlantic salmon. Yet, Jordan vacillated on the taxonomic position
of Sebago salmon and in his last major work (Jordan et al. 1930: 56)
restored full species status to both Salmo sebago and Salmo ouananiche. Kendall (1935) conducted a detailed morphometric analysis of anadromous and land-locked populations and concluded
that the two varieties were separate species. During the 1920s, ‘30s
and ‘40s, land-locked Atlantic salmon in the United States were
usually designated as either Salmo sebago or as Salmo salar sebago.
Wilder (1947) reviewed the nomenclature and accomplished
a systemic study of several anadromous and land-locked populations of Atlantic salmon. He concluded that the specific and subspecific designations sebago and ouananiche were unwarranted
and should be discarded. The American Fisheries Society adopted
this view in its first published list of common and scientific names
of North American fish (Chute et al. 1947) and in all subsequent
editions (Bailey et al. 1960, 1970; Robins et al. 1980, 1991; Nelson et
al. 2004). In these publications the official common name Atlantic
salmon was employed for both the anadromous and land-locked
varieties, although the names Sebago salmon and ouananiche are
still employed as common names by many authors. See Behnke
(2002) for additional details about the classification and taxonomy
of Atlantic salmon.
Based on a variety of evidence, Behnke reasoned that all Atlantic
salmon (i.e., both anadromous and land-locked) were monophyletic
(shared a common ancestor) about 2 MYBP. The land-locked variety
was believed to have become reproductively isolated at the end of the

last Ice Age about 10,000 years ago but these populations have not
yet diverged to the point where they could be considered a separate
species. Berg (1985) speculated that isostatic rebound caused uplift
after ice lobes retreated, creating barrier falls that isolated populations of Atlantic salmon in lakes above the falls. Berg believed that
anadromy was a large benefit to Atlantic salmon during the period
when glaciers covered the northern hemisphere because most freshwaters received glacial melt waters and were too cold for salmonid
fishes to grow well. However, as freshwaters warmed up after the
glaciers retreated, the advantage gained from anadromy was diminished, allowing Atlantic salmon to colonize and survive in freshwater
lakes. Behnke (2002) noted that land-locked populations of Atlantic
salmon are polyphyletic (i.e., they do not have a single common ancestor that gave rise to all land-locked populations). One indication
that land-locked populations represent independent evolutionary
lines is that those from Europe have not lost their ability to osmoregulate (Berg 1985; Staurnes et al. 1991) whereas those from North
America have partially lost this ability (Barbour and Garside 1983;
Chernitsky and Loenko 1983; Burton and Idler 1984). Moreover, both
anadromous and land-locked populations of Salmo salar in Europe
have 58 chromosomes whereas both anadromous and land-locked
populations from North America have 56 chromosomes.
Behnke (2002) considered that Salmo salar sebago represented
an ecological variant rather than an evolutionary subspecies.
Behnke (2002) proposed that, if it is deemed necessary to subdivide the Atlantic salmon subspecies, the most appropriate arrangement would be to place both land-locked and anadromous forms
from Europe in one subspecies (Salmo salar salar) and both landlocked and anadromous forms from North America into a different subspecies (Salmo salar sebago). The North American variant
was given the subspecific epithet sebago rather than ouananiche
because sebago had priority over ouananiche.

Scientific Synonyms
Salmo salar original description.
Linnaeus (1758: 308).

Salmo salar Linnaeus

Günther (1866: 153); Suckley (1874: 143); Jordan (1878: 75;
1880: 271); Jordan and Gilbert (1882: 312); Jordan and Evermann
(1896: 448); Evermann and Goldsborough (1907: 101); Jordan
et al. (1930: 56); Schultz and DeLacy (1935/1936: 373); Wilder
(1947: 175); Hildebrand (1949: 8); Beckman (1953: 20);
Shapovalov et al. (1959: 175); Bailey et al. (1960: 11; 1970: 17);
Linder (1963: 12); McPhail and Lindsey (1970: 131); Scott and
Crossman (1973: 13, 1998: 131), Lee et al. (1980: 108); Robins et
al. (1980: 19); Simpson and Wallace (1982: 19); Wydoski and
Whitney (2003: 89).

Salmo salar salar Linnaeus
Hubbs (1926: 15).

Salmo salar Linnaeus, 1758

Hart (1971: 131); Robbins et al. (1991: 28); Mecklenburg
(2002: 2020); Nelson et al. (2004: 86); Scholz and McLellan
(2009: 193; 2010: 445).

Salmo salar

A. T. Scholz

Goode (1888: 441); Regan (1920: 26); Chapman (1942: 11); Rounsefell
(1962: 265); Page and Burr (1991: 50); Behnke (2002: 241).
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Salmo salar (Auctorum)
Richardson (1836: 145).

Salmo sebago sp. nov.

Girard (1853: 380). Land-locked from Sebago Lake, Maine.

Salmo sebago Girard

Suckley (1874: 143); Jordan (1880: 272); Jordan et al. (1930: 56).

Salmo sebago

Keil (1928: 116); Locke (1929: 184); Kendall (1935: 104).

Salmo salar sebago Girard

Jordan (1878: 75); Jordan and Evermann (1896: 487); Hubbs
(1926: 16); Simon and Simon (1939: 48) ~failed introduction,
Wyoming.

Salmo salar Sebago

Goode (1888: 446); Regan (1920: 29); Rounsefell (1962: 265).

Salmo salar ouananiche new subspecies
McCarthy (1894: 206).

Salmo salar ouananiche McCarthy

Jordan and Evermann (1896–1900: 487).

Salmo ouananiche

Jordan et al. (1930: 56); Evermann and Goldsborough
(1907: 102).

Salmo salar ouananiche
Regan (1920: 28).

Salmo omisco maycus sp. nov.
Walbaum (1792: 65).

Salmo gloverii sp. nov.

Girard (1854b: 86,380).

Distribution and Stock Status
The Atlantic salmon is indigenous to the North Atlantic Ocean,
north of 40° N latitude (MacCrimmon and Gotts 1979; Mills
1991). In the eastern Atlantic it occurs from Spain and Portugal,
north to the North Baltic, Barents and White seas. In the western
Atlantic it occurs from the Connecticut River, north to Ungava
Bay, Greenland and Iceland.
In North America, Atlantic salmon were native to seven states
in New England (Connecticut, Rhode Island, Massachusetts,
Vermont, New Hampshire, Maine and New York) and five
Canadian Provinces (Nova Scotia, New Brunswick, Prince
Edward Island, New Foundland/Labrador, and Quebec) (Scott
and Crossman 1973; MacCrimmon and Gots 1979; Behnke 2002).
Atlantic salmon were present in the St. Lawrence River and were
native to Lake Ontario. Their distribution in New York state was
confined to the St. Lawrence/Lake Ontario drainage as they apparently did not enter the Hudson River (Behnke 2002). The Lake
Ontario population was an adfluvial stock that became extinct in
about 1900 (Behnke 2002). Numerous populations of land-locked
Atlantic salmon, locally called Ouananiche, also occurred naturally
in lakes of Labrador, Newfoundland, and Quebec. In the United
States, land-locked populations of Atlantic salmon occurred only
in a few lakes in Maine. Federal fisheries agencies collected eggs
1356

from the population in Sebago Lake, Maine (called Sebago salmon
or simply land-locked salmon) and distributed them around the
country. MacCrimmon and Gotts (1979) and Fuller et al. (1999)
reported that the Atlantic salmon has been introduced in 31 states
where they were non-indigenous.
Both anadromous and land-locked Atlantic salmon have
been introduced in Washington state. Land-locked salmon have
been introduced at a number of lakes in both eastern and western Washington for the purpose of establishing sport fisheries.
Introductions commenced in 1904 and continued at irregular intervals through 1976. All of these introductions ultimately failed.
Mediocre fisheries developed in some lakes for a few years following the plant(s). For example, at Chopaka Lake, Okanogan County,
anglers fished 21,298 hours from May to October 1973 to catch 2,411
land-locked Atlantic salmon, 200–305 mm TL following a plant of
7,290 legal-sized (8–10 inch) Atlantic salmon in early May of 1973
(Williams 1974). Catch rates were poor at 0.11 Atlantic salmon per
hour but 33% of the fish stocked were harvested. In other lakes there
was no record of any introduced Atlantic salmon being caught by
anglers, e.g., at Sullivan Lake, Pend Oreille County, where a plant
of 9,980 Atlantic salmon fingerlings was made in 1904, but none
were caught by anglers (Kershaw 1904; Titcomb 1905). Atlantic
salmon were planted in Rock Lake, Whitman County in 1900 and
Moses Lake, Grant County in 1910 and 1975 respectively, but there
was no record of harvest (Groves 1951; Burgess 2000).
Anadromous Atlantic salmon have been used for net pen aquaculture in Puget Sound, San Juan Islands and Strait of Juan de Fuca,
Washington, and Straits of Georgia in British Columbia. In 2005,
the number of Atlantic salmon farms operating in Washington and
British Columbia was 6 and over 100 respectively (Carroll 2005).
Inevitably, some of these fish have escaped from their cages
and been harvested by commercial fishermen or sport anglers
(McKinnell et al. 1997). On several occasions they have been documented entering freshwater streams in the vicinity of their net pens
(Burt et al. 1992; Logan 1995). In a few instances they have been reported to stray long distance away from their net pens (McKinnell
et al. 1997). For example, between 1987 and 2001, a total of 556
Atlantic salmon were collected in marine and freshwater along the
coast of Alaska and one had even been collected in the Bering Sea
(Wing et al. 1992; McKinnell et al. 1997; Mecklenburg et al. 2002).
There are no Atlantic salmon farms in Alaska and the nearest one
in British Columbia was over 1000 km to the south. (See section
on behavior and ecology for more details about Atlantic salmon
farming in Puget Sound).
In addition to the net pen sites, companies that farm Atlantic
salmon own their own (or purchase Atlantic salmon from) private fish hatcheries located on two rivers in western Washington
(Chehalis and Cowlitz river systems). Atlantic salmon occasionally escape from the hatcheries into these rivers. For example, from
1992–2002, WDFW trapped 391 Atlantic salmon smolts in a trap
on the Chehalis River believed to have escaped from a commercial hatchery on one of its tributaries (Scatter Creek). In 1996, 183
Atlantic salmon smolts were captured there and WDFW estimated
that as many as 100,000 may have escaped from the Scatter Creek
hatchery that year (P. Meacham, WDFW Olympia, Washington
pers. comm.). In 2003, about 1,000 Atlantic salmon were discovered below the hatchery on Scatter Creek by WDFW personnel.
Following this discovery, the hatchery operator was fined for allowing “biological pollutants” to escape and was required to install
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the [WDOE] and they fined the hatchery and ordered them
to drain the retention pond and install appropriate grates
and that there have been no further escapes”.

a screen to prevent a similar occurrence in the future. After this
incident a screen was installed to retain any fish in the hatchery effluent. In 2004, WDFW found only one fish below the hatchery and
six smolts in the Chehalis trap. Meacham (2005) wrote

From 1993–2002 WDFW trapped 280 Atlantic salmon smolts in a
trap on the Cowlitz River, a tributary of the lower Columbia. In 2004,
six additional smolts were collected. These fish were thought to have

“We have resurveyed Scatter Creek many times this
season. It is apparent that after we reported the escapes to
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escaped from an Atlantic salmon hatchery on the Tilton River (tributary of the Cowlitz). WDFW estimated that in 2000 about 125,000
Atlantic salmon escaped from the hatchery into the Tilton River.
However, as of 2006, no adult Atlantic salmon returns to either the
Chehalis or Cowlitz rivers had been documented from these releases.
From 1951 to 1981, the Washington Department of Fish and
Wildlife made several deliberate attempts to transplant anadromous Atlantic salmon into the streams of western Washington
with the intent of establishing runs (Amos and Appleby 1999).
None of these attempts were successful. The most recent attempt
was the stocking of 7,161 Atlantic salmon smolts into Minter Creek,
Kitsap County, in 1980 and 1981.
Atlantic salmon were raised in net pens for commercial sale
in eastern Washington for eight years (1991–1998) at Rufus Wood
Reservoir, the impoundment between Chief Joseph (downstream)
and Grand Coulee (upstream) dams. Fish from this farm periodically escaped when holes were torn in, or river otters chewed holes
in, the nets. Escaped Atlantic salmon were observed downstream at
Wells, Rocky Reach, Rock Island and McNary Dams (Wydoski and
Whitney 2003). Juvenile Atlantic salmon were captured at Rock Island
Dam from 1991–1994, 1997 and 1998 (Wydoski and Whitney 2003). At
Wells Dam, the number of juvenile Atlantic salmon counted was 26 in
1997, 28 in 1998, and 29 in 1999 (Wydoski and Whitney 2003). Atlantic
salmon farming in Rufus Woods Reservoir stopped in 1999. No juvenile Atlantic salmon were collected at Wells Dam in 2000 (Wydoski
and Whitney 2003). Atlantic salmon were hatched and reared in a private hatchery on Rocky Ford Creek between Moses Lake and Ephrata,
Table 16.89

Grant County Washington (Waknitz et al. 2000), but I was unable to
locate any information about the deposition of the fish.
I have stocking records of a total of 124,111 Atlantic salmon
planted at 16 lakes in eastern Washington (Table 16.89) Atlantic
salmon did not become established at any of these locations and
disappeared within a few years after stocking. Some of those
planted in Chopaka Lake were washed out of the lake in 1974
(Letter from J. Evans to K. Williams dated 7/31/74 in WDFW Region
2 Files at Ephrata, Washington).
In Idaho, land-locked Atlantic salmon were planted in Hayden
Lake (n = 750) and Spirit Lake (n = 750), Kootenai County, in 1906
(U.S. Bureau of Fisheries 1907; Linder 1963), and Pend Oreille
Lake near Hope, Bonner County, Idaho in 1908 (n = 4,000) and
1910 (n = 4,000) (U.S. Bureau of Fisheries 1909, 1911; Linder
1963). They did not become established in any of these north
Idaho Lakes. Other plants were made in lakes of the Sawtooth
Mountains, where they initially reproduced and became established (Keil 1928). They persisted for about one or two decades
while there was periodic infusion of newly stocked fish but eventually disappeared after stocking ceased. Land-locked Atlantic
salmon were stocked in Payette Lake, Idaho (Linder 1963).
Simpson and Wallace (1982) thought that Atlantic salmon planted
at all these locations “were probably extinct.” Atlantic salmon were
stocked in Deadwood Reservoir, on a tributary of the Payette
River, in 1990 (Fuller et al. 1999), but none have been reported in
recent years (Wydoski and Whitney 2003).

Stocking records of Atlantic salmon in eastern Washington lakes: 1904–1976
Year

Lake

County

Number

1904¹ ²

Sullivan

Pend Oreille

9,980

1906³

Moses

Grant

5,395

1906³

Rock

Whitman

3,000

1910⁴

Moses

Grant

5,000

1973⁵ ⁶

Chopaka

Okanogan

7,919

1974⁵ ⁶

Chopaka.

Okanogan

231

1974⁷

Dry Falls

Grant

140

1974⁶

Quail

Adams

543

1975⁷

Bumping

Yakima

61,118

1975⁶

Horsethief

Klickitat

120

1975⁶

Quail

Adams

609

1975⁶

Marco Polo

Grant

3,495

1975⁶ ⁸

Moses

Grant

6,006

1975⁶

Spearfish

Klickitat

100

1975⁷

Unnamed

Yakima

1,050

1976⁷

Bonaparte

Okanogan

2,587

1976⁷

Ephrata pond

Grant

480

1976⁷

Rainbow

Grant

1,020

1976⁷

Spearfish

Grant

50

1976⁷

Trout

Klickitat

15,811

,

,
,

,

References: ¹Titcomb (1905); ²Kershaw (1904); ³U.S. Bureau of Fisheries (1907); ⁴U.S. Bureau of Fisheries (1911); ⁵Williams (1974); ⁶Amos and Appleby
(1999); ⁷WDFW Fish Stocking Data Base; ⁸Burgess (2000).
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BROWN TROUT
Salmo trutta Linnaeus, 1758
Primary identification
1.

Adipose fin present. Axillary process present at front
end of pelvic fins.

2.

Black spots on light background.

3.

Anal fin with ≤12 anal fin rays.

4.

Interior of mouth white.

5.

Caudal peduncle thick.

6.

Caudal fin truncate (square).

Confirming Characters
1.

Medium spots rounded in outline present on back,
sides of body, dorsal fin and dorsal lobe of caudal fin.
Some spots + or X-shaped. Some spots red or orange.
Spots often surrounded by pale haloes. Spots may be
obscured by silvery guanine deposits in anadromous
and lake dwelling individuals.

2.

Body color tinted in yellows and browns (fluvial
habitats) or silvery (lacustrine habitats).

3.

Lateral line scales 120–130.

4.

Gill rakers 15–20.

5.

Pyloric caeca 30–60.

thick caudal
peduncle
Posterior margin of
caudal fin square

Figure 16.37

Brown trout, Chamokane Creek, Stevens County, WA. Insets show detail of white mouth and square tail and thick caudal
peduncle.

Similar Species
1.

2.

3.

Atlantic salmon overlap with brown trout in many
characters used for primary identification, but they
have a more slender caudal peduncle than brown
trout.
Pacific trout (cutthroat and rainbow) have ≤12 anal
fin rays and white mouths but their spots are not + or
X shaped and are not surrounded by haloes.
Pacific salmon (chinook, chum, coho, pink sockeye/
kokanee) have larger anal fins (≥13 rays) than brown
trout.

4.

Charrs (brook, bull and lake trout) have light spots
on dark background.

Etymology
Salmo: (L.) Ancient Latin name for Atlantic salmon. Taxonomists
classified brown trout in the same genus as Atlantic salmon because of their morphological similarity.
trutta: (L.) Ancient Latin name for brown trout.

Pronunciation
Salmo - Săl-mō
trutta - trűt-tă
A. T. Scholz
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Common Name(s)
Brown trout (AFS name), German brown trout, von Behr trout,
European brown trout, sea trout (refers to anadromous brown
trout), Bach-forelle (German = ‘brook trout,’ refers to resident,
stream dwelling brown trout), See-forelle (German = lake trout),
Meeres-forelle (German = sea trout), Loch Leven trout, Scotch lake
trout.

Systematic Notes
The brown trout was initially described as Salmo trutta, Salmo
fario, and Salmo eroix by Linnaeus (1758: 308–309). Widegren
(1862: 560) recognized that these three taxa represented morphological variants of the same species that were adapted to different
types of environments; so he united them under the collective
name Salmo trutta. Günther (1866: 104) in his Catalogs of the Fishes
of the British Museum recorded Widegren’s synonymy, further observing that this reduced the species of Salmo native to Europe to
two species S. trutta (brown trout) and S. salar (Atlantic salmon).
These observations by European ichthyologists apparently escaped the notice of North American ichthyologists because, U.S.
and Canadian fisheries scientists continued to use Salmo fario,
Salmo eriox or another name Salmo levenensis. The latter name was
proposed by Walker (1811: 541) to describe the local variety of brown
trout found in Loch Leven, Scotland. It was not until University of
Michigan ichthyologist Carl Hubbs, (1930: 86) brought Widegren’s
report to the attention of North America ichthyologists that the
Salmo trutta was finally settled upon as the scientific name for the
brown trout.
Brown trout exhibit substantial life history variation. Behnke
(2002) noted that three forms were identified in Germany called
Bach-forelle (small resident stream dwelling brown trout), Seeforelle (a large lake dwelling form, probably with an adfluvial life
history), and Meeres-forelle (a large anadromous brown trout).
Salmo fario was the scientific name applied to Bach-forelle trout
and the name Salmo trutta referred to the See-forelle and Meeresforelle. After their unification under Salmo trutta, some taxonomists described the life history variants as subspecies Salmo trutta
trutta for the adfluvial/anadromous variety and Salmo trutta fario
for the resident variety. Loch Leven brown trout were also sometimes listed as a subspecies Salmo trutta levenensis.
Behnke (2002) noted that the first shipment of eggs received
in the United States from Germany contained a mixture of 60,000
See-forelle and 20,000 Bach-forelle. Some subsequent shipments
received from Germany may have also contained Meeres-forelle.
Shipments of Loch Leven trout were also received from Scotland.
As a result the brown trout imported to North America contained a
substantial amount of the genetic and life history variation present
in native populations of Europe (Behnke 2002). In North America,
these different forms were thoroughly mixed by artificial or natural hybridization, so the subspecies status has little meaning at
present. Subspecies are not recognized by the American Fisheries
Society Committee on Names of Fishes. The name Salmo trutta
has been stable from the first through sixth edition of the committee’s periodic updates on fish names [Chute et al. (1948: 15); Bailey
et al. (1960: 12, 1970: 17), Robins et al. (1980: 19; 1991: 28), Nelson
et al. (2004: 86)]. High levels of initial variation, hybrid vigor, and
their ability to tolerate warmer water than other salmonids have
likely contributed to their success in establishing natural spawning
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populations in many locations throughout North America, particularly in the northern Rockies and Pacific Northwest.
Bean, in Goode (1888: 455), described characters that could be
used to distinguish German brown trout from Loch Leven brown
trout. These included: (1) the vomerine teeth were arranged in two
rows in German brown trout compared to one row in Loch Leven
brown trout; (2) pyloric caeca numbered 41–42 in the German
variety compared to 60–80 in the Loch Leven variety; and (3)
the vertebrae numbered 57 or 58 in German brown trout and 59
in Loch Leven brown trout. Both types were stocked in eastern
Washington.
The brown trout has been hybridized with the brook trout to
produce sterile “tiger trout” (Buss and Wright 1956, 1958). This is
a difficult cross because mortality of eggs and larvae is high. The
tiger trout has distinctive markings reminiscent of a tiger’s stripes.
The pattern is largely derived from the distinctive worm-like vermiculations on the back of the brook trout.
Brown trout exhibit dramatic color variation in various habitats
(Figure 16.38). Those from rivers are generally in hues of brown
and yellow. Those from lakes are generally silver owing to guanine
deposition over their scales.

Scientific Synonyms
Salmo trutta original description.
Linnaeus (1758: 308).

Salmo trutta Linnaeus

Widegren (1862: 560); Günther (1866: 22); Hubbs (1926: 16; 1930:
86); Churchill and Over (1933: 25); Schultz and DeLacy (1935/1936:
373); Schultz and Hanson (1935: 6, 19, 25); Schultz (1936: 37);
Dymond (1936: 12); Beckman (1952: 21); Koster (1957: 32);
Troutman (1957: 78, 185; 1981: 84, 218); Carl et al. (1959: 64);
Symington (1959: 2) Bailey et al. (1960: 12; 1970: 17); Bailey and
Allum (1962: 32); La Rivers (1962: 318); Linder (1963: 12); Sigler
and Miller (1963: 45); Willock (1969: 1442)~ introduced to Cypress
Hills region of Alberta in 1920s and 1930s; Baxter and Simon (1970:
40); McPhail and Lindsay (1970: 109); Paetz and Nelson (1970:
91); Everhart and Seaman (1971: 27); Michaelis (1972: 17)~ present in Touchet River, WA; Bond (1973: 13); Minckley (1973: 73);
Scott and Crossman (1973: 197, 1998: 197); Eddy and Underhill
(1974: 177); Pflieger (1975: 85); Moyle (1976: 141); Wydoski and
Whitney (1979: 37, 2003: 93); Lee et al. (1980: 109); Robins et al.
(1980: 19); Phillips et al. (1982: 96); Becker (1983: 291); Simpson
and Wallace (1982: 90); Sigler and Sigler (1987: 127); Nelson and
Paetz (1992: 274); Baxter and Stone (1995: 190).

Salmo trutta Linnaeus, 1758

Hildebrand (1949: 9); Hart (1973: 133); Hubbs et al. (1979: 7);
Robbins et al. (1991: 28); Sigler and Sigler (1996: 204); Nelson
et al. (2004: 86); Scholz and McLellan (2009: 195; 2010: 449).

Salmo trutta

Regan (1920: 30); Chapman (1942: 10) ~Introduced in Yakima
County, WA; Rounsefell (1962: 265); Patten et al. (1970: 6)
~present in Yakima River, WA; Brown (1971: 57); Eschmeyer et
al. (1983: 79); McGinnis (1984: 134); Page and Burr (1991: 51);
Holton and Johnson (1996: 64); Behnke (2002: 255).

Salmo trutta trutta (Linnaeus)
Simon and Simon (1939: 48).
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Figure 16.38 Common color patterns observed in brown trout from a variety of habitats. A) A 6kg (13.2lb), 749 mm (29.5 in) TL brown
trout caught in Rock Lake, Whitman County, WA on May 24, 2013; B) A brown trout captured in Lake Roosevelt, Stevens
County, WA.
Figure 16.38 continued on next page.
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D

Figure 16.38 concluded C) Brown trout collectd in a river with warm brown/yellow color predominating. Photograph courtesy of
Tom Vail © 2011, all rights reserved. D) A 757 mm (29.8in), 4.5 kg (9.9lb)brown trout collected from Sullivan Lake, Pend Orielle
County, WA. The fish is silvery becasue of guanine deposited over its scales.
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Salmo fario

Linnaeus (1758: 309).

Salmo fario Linnaeus

Günther (1866: 59); Garman (1885: 14); Jordan and Evermann
(1896–1900: 487).

Salmo fario

Goode (1888: 460); Evermann (1893: 52) ~Yellowstone Park,
WY; Henshall (1906: 8) ~introduced at Yellowstone Park and
Bozeman, MT in 1889 and 1890; Smith and Kendall (1921: 23);
Locke (1929: 185); Schultz and DeLacey (1935/1936: 373); Schultz
(1936: 137).

Salmo trutta fario

Hubbs and Lagler (1941: 35, 1947: 34); Eddy and Surber
(1947: 106); Simon (1951: 33).

Salmo levenensis sp. nov.
Walker (1811: 541).

Salmo levenensis Walker

Günther (1866: 101); Garman (1885: 13); Snyder (1940: 136).

Salmo levenensis

Goode (1888: 459); Smith and Kendall (1921: 22); Locke
(1929: 185); Groves (1951: 15) ~Moses Lake, WA.

Salmo trutta levenensis (Walker)

Evermann (1893: 52); Simon and Simon (1939: 48).

Salmo trutta levenensis

Schultz and Hanson (1935: 6).

Salmo fario var. levensnsis

Jordan and Evermann (1896: 487).

Salmo eriox original description
Linnaeus (1758: 308).

Salmo eriox Linnaeus
Jordan (1926: 41).

Distribution and Stock Status
Brown trout are indigenous from the steppes, Ural and Pamir
mountain regions of Eurasia, west through Europe to Iceland
(about 70°E longitude to 30°W longitude). Their occurrence extends from the northern coastline of the Mediterranean and
Adriatic seas north to the Arctic coastlines of Scandinavia and
Russia. They were also native to the Mediterranean slopes of the
Atlas Mountains in North Africa.
Brown trout were first imported to North America in 1883 by the
United States Fish Commission (Mather 1887). Eighty thousand eggs
were sent from Germany by Baron Friedrich Felix von Behr, President
of the German Fish Culture Association. The eggs were sent by steamship to a New York State Fish Hatchery at Cold Spring Harbor. The
eggs were shipped in a cabin that had been retrofitted into an icehouse to maintain incubation temperature just above freezing, effectively placing the eggs in a state of suspended animation during their
transatlantic voyage. From Cold Spring Harbor, some of the eggs were
sent to a U.S. Fish Commission (USFC) hatchery in Michigan. Other
shipments followed in ensuing years. In USFC records these fish were

called von Behr trout or German brown trout. Some of the latter eggs
shipments were sent from Scotland and were called Loch Leven trout.
Both strains were eventually stocked in waters of eastern Washington.
Naturally reproducing populations of brown trout became established along the Atlantic seaboard, in the northern Appalachian
Mountains and in the Great Lakes region soon after introductions
commenced. By 1970 brown trout had been introduced in 45 of
the 50 states (MacCrimmon and Marshall 1968; MacCrimmon et
al. 1970; Courtney et al. 1984, 1986, 1991; Fuller et al. 1999). The
only states without records of introduction were Alabama, Alaska,
Louisiana, Mississippi and Texas. Brown trout have since been
reported in Alabama (Mettee et al. 1996) and Texas (Fuller et al.
1999). Brown trout were also introduced and became established
in Canada, South Africa, Australia, India, New Zealand and South
America (MacCrimmon and Marshall 1968; MacCrimmon et al.
1970). Thurow et al. (1997) published a distribution map for brown
trout in the Pacific Northwest, emphasizing their occurrence in the
Columbia River Basin.
Brown trout were first introduced in Idaho in 1892 when the
USFC supplied 300 to an applicant in Owyhee County (southwestern corner of Idaho) (Smith 1896; Linder 1963; Simpson and
Wallace 1982). This initial plant was apparently not successful in
establishing self reproducing populations because Kiel (1928) did
not mention brown trout in his ‘Fishes of Idaho’. Also, the distribution map in Simpson and Wallace (1982) did not indicate the
presence of brown trout in Owyhee County. Simpson and Wallace
(1982) further reported that brown trout introductions were not
successful in Idaho until 1948. Their distribution map indicated
the presence of brown trout in the Pend Oreille/Clark Fork Basin
(Bonner County), lower Payette River, (Boise County), Malad
River (Lincoln County), Snake River between lower and upper Salmon Falls (Twin Falls County), Salmon Falls Creek (Twin
Falls County) American Falls Reservoir (Bingham and Power
Counties), Portneuf River (Bannock County), Bear River (Bear
Lake County), Sublette Creek (Cassia County) and Willow Creek
(Bonneville County).
Locke (1929) noted that brown trout had been planted in the
headwaters of the South Fork of the Snake River. Brown trout have
not been observed in the Clearwater, Kootenai or Spokane/Coeur
d’Alene basin in the Idaho panhandle (Laumeyer 1973; Maughn
1976; Simpson and Wallace 1982; Maret and McCoy 2002).
In Montana, brown trout were first introduced into waters of
Yellowstone National Park (Evermann 1893; Henshall 1906). Brown
trout from Loch Leven, Scotland were introduced into the Firehole
River in 1889 (n = 995), and in Lewis and Shoshone lakes in 1890
(n = 3,350 in each lake) (Evermann 1893). In 1890, German brown
trout were stocked in Nez Perce Creek (n = 9,800) and a pond
near Bozeman (Evermann 1893). Shortly thereafter brown trout
migrated down the Firehole into the Madison River (Henshall
1906). Natural spawning populations of brown trout eventually became established in the Firehole and Madison rivers (Locke 1929).
Brown trout also became established in Montana throughout the
Clark Fork River drainage, lower Flathead River downstream
from Flathead Lake, the mainstem and tributaries of the Missouri
River upstream from Fort Peck Dam, and middle/upper reaches
of the Yellowstone River. [See distribution maps in Brown (1971)
and Holton and Johnson (1996).] Stocking was discontinued after 1956 because natural reproduction made additional stocking
unnecessary.
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In Alberta, brown trout were not listed by Whitehouse (1919).
Commencing in 1924 brown trout were introduced with limited success in the Athabasca, Bow, Milk (North Fork), North
Saskatchewan and Red Deer rivers and in lakes of Banff and Jasper
National Parks (Nelson and Paetz 1992).
In British Columbia, brown trout were introduced in Cowichan
Lake and Little Qualicum River on Vancouver Island in 1932
(Dymond 1936). The distribution map in Scott and Crossman
(1973) indicated that brown trout were absent in British Columbia
except for the populations on Vancouver Island. It is probable that
brown trout now occur in the Pend Oreille River and its principle
tributary, the Salmo River, in southeastern British Columbia since
they are prevalent at upstream locations in Washington.
Wydoski and Whitney (2003) reported that brown trout were
first stocked in eastern Washington in 1923 (See Appendix 5, page
238 of their book) but did not provide a source for this statement.
Although their date is plausible I have been unable to confirm it.
Neither Kershaw (1902), in his ‘Annotated list of Washington fishes’,
nor Doane (1902), in his ‘List of fishes introduced into the state of
Washington by the U.S. Fish Commission’, mentioned brown trout.
Smith (1896) reviewed USFC plants made on the west coast to
1894 and showed no record of brown trout plants in Washington
or Idaho. Kershaw (1904) listed (by species, number, location and
date) all of the fish and eggs furnished to the state of Washington
by the U.S. Fish Commission between 1895 and 1904. No brown
trout were listed. From 1904 to 1931, no brown trout were listed as
being shipped to Washington state by the United States Bureau of
Fisheries (USBF) (Titcomb 1905; United States Bureau of Fisheries
1907, 1908, 1909, 1910, 1911, 1913; Johnson 1914, 1915, 1917; O’Malley
1917, 1919; Leach 1920, 1921, 2922, 1923, 1924, 1926, 1927, 1929, 1930,
1931, 1932).
Likewise, there is no record of brown trout being stocked by
the Washington Department of Fish and Game (WDFG) or by
County Fish and Game Commissions from 1908 to 1922 (Riseland
1909, 1911; Darwin 1916a, 1916b, 1917, 1920, 1921a, 1921b, Dibble and
Kinney 1923). I was unable to find any WDFG records from 1923 to
1932, so was unable to confirm Wydoski and Whitney’s statement.
Brown trout were not listed in Schultz’s (1929) checklist of the
fishes of Washington and Oregon or Schultz’s (1934) paper on species of salmon and trout in the northwestern United States. Brown
trout were listed in Schultz and DeLacy’s (1935/1936) report on
distribution records of fishes in Washington and Oregon. They
referred to a USBF stocking report by Leach (1933) who reported
that brown trout had been introduced in the Puget Sound and Big
White Salmon River drainage, Washington in 1932.
The first record I found of brown trout introduction in
Washington by the United States Bureau of Fisheries was in 1932,
when 266,600 brown trout were stocked at unspecified locations
(Leach 1933). From 1932–1937, 2,449,070 brown trout were planted
in Washington waters by the federal government (Leach 1933, 1934;
Leach and James 1935, 1936, 1937, 1938). The records did not specify
locations where the fish were stocked. From 1939–1943 no federal
plants were made (Leach et al. 1939, 1941, 1942; James and Meeham
1944; James and Meeham 1946).
At about the same time, the old Washington Department of
Game began planting brown trout at various locations in eastern Washington. In 1933 and 1934, the Washington Department
of Game obtained Loch Leven brown trout from Montana and
began rearing them at the Pend Oreille hatchery near Usk,
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Washington (Crawford 1979). Plants of brown trout were made in
the Pend Oreille and Spokane River basins at that time. More recently WDFW has maintained a brown trout brood stock at their
Ford, Washington hatchery. Plants have continued to the present.
Between 1933 and 2005, WDFW stocked a total of 7,910,967 brown
trout into eastern Washington lakes and streams. Numbers of
brown trout stocked by county (determined by interrogating the
WDFW fish stocking data base) during this interval were: Adams
(125,362), Asotin (0), Benton (83,180), Chelan (506,675), Columbia
(161,582), Douglas (3,884), Ferry (37,775), Franklin (403), Garfield
(0), Grant (534,607), Kittitas (392,595), Klickitat (92,023), Lincoln
(188,987), Okanogan (249,059), Pend Oreille (21,255), Skamania
(323,742), Spokane (2,766,342), Stevens (887,226), Walla Walla
(39,631), Whitman (1,018,202) and Yakima (478,437). Chapman
(1942) in his report on alien fish stocked in the Pacific Northwest
noted that introduced brown trout had become established in restricted locations in the Big White Salmon River and certain lakes
in Klickitat and Yakima counties. Chapman noted that brown trout
were present but not thought to be reproducing in the Naches
River (tributary of the Yakima River).
Brown trout are relatively abundant in northeastern
Washington, where they are routinely reported in fish surveys
in the upper Columbia (above Grand Coulee Dam), Spokane
and Pend Oreille river basins. Strongholds for brown trout include many tributaries of the Pend Oreille River, and Chamokane
Creek, tributary of the Spokane River, where naturally reproducing populations are present. Brown trout are also maintained by
annual plants in the Spokane River mainstem between Nine Mile
and Monroe Street dams and at Rock Lake, Whitman County. In
contrast, few brown trout were encountered during fish surveys in
the Columbia River mainstem reservoirs downstream from Chief
Joseph Dam, the four lower Snake River reservoirs, or in tributaries
that enter the Columbia River on the eastern slopes of the Cascade
Mountains (Yakima, Wenatchee, Entiat, Chelan and Methow rivers). These differences in distribution appear to be, in part, related
to intensity of stocking efforts. For example, 4,671,770 (about 60%)
of all brown trout stocked by WDFW between 1932 and 2005 were
released in Spokane, Stevens and Whitman Counties.
Nearly all of the brown trout programmed for Whitman County
were stocked in Rock Lake. Rock Lake is the state’s premiere brown
trout fishery. Brown trout were first stocked in Rock Lake in 1978.
Over a 29 year period (1978–2007), Rock Lake received plants totaling 1,111,581 brown trout (Fox 2008). Numbers stocked ranged
from 7,010 to 72,277 brown trout annually, with none released in
one year (1991) (WDFW Fish Stocking data base). Approximately,
35% of these fish were catchables (about 150–200 mm TL) and the
rest were fingerlings running about 15–40 fish/lb. In 1999, it was
estimated that 19,237 anglers fished a total of 70,681 hours to catch
33,938 fish including 19,206 brown trout (McLellan 2000). During
the survey, 1,108 anglers were interviewed. They had harvested
542 brown trout ranging from 178–550 mm (7.0–21.7 inches) TL
(McLellan 2000). Annual economic value of this fishery was estimated at $509,781. Concurrent electrofishing and gill net surveys conducted in 1999 captured 774 brown trout in a sample of
3,061 total fish representing 19 species (McLellan 2000). Brown
trout ranged from 110–552 mm (4.33–21.75 inches) TL and weighed
6–1,413 g (3.12 lb.) (McLellan 2000). Rock Lake harbors some
brown trout that weigh 4–18 lbs.
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Brown trout (n = 779,395), were stocked in the Spokane River
above Post Falls Dam by the Idaho Department of Fish and Game
from 1983 to 1986. Some fish from these plants dispersed from their
stocking site down the Spokane River into Lake Roosevelt. From
1988–1992, jaw-tagged brown trout that were released by IDFG below Post Falls Dam from 1983–1986 were recaptured in Long Lake
Reservoir (n = 1), Little Falls Reservoir (n = 2) and the Spokane
River Arm of Lake Roosevelt (n = 5) from 1988 to 1992.
Bailey and Saltes (1982) conducted an electrofishing survey in the upper Spokane River from the Green Street Bridge in
Spokane, Washington (RKM 125.5) to Post Falls Dam, Idaho (RKM
164.2) in 1980 and 1981, before brown trout stocking by IDFG
commenced. They collected no brown trout in a sample of 1,990
fish. In electrofishing surveys conducted in 1985/1986, after stocking commenced, 56 brown trout were among 2,335 fish sampled
in the Spokane River between the Idaho state line (RKM 154.8)
and Post Falls Dam (RKM 164.2) (Bennett and Underwood 1988;
Underwood and Bennett 1992). In 1990, the Peterson mark recapture method was used to estimate the population of brown trout
in the 20 km segment of the upper Spokane River between the
Sullivan Road bridge in Spokane Washington (RKM 141.1) and Post
Falls Dam Idaho (RKM 164.2) (WDW/IDFG/WWP 1990). During
the survey 182 brown trout, 195–590 mm TL, trout were captured.
Estimated population (±95% CI) was 511 (±142) brown trout in this
segment of the river. Estimated density was 43 brown trout/km
(WDW/IDFG/WWP 1990; Davis and Horner 1997). In 1995, electrofishing surveys were conducted in a 6.6 km section of the upper
Spokane River between Harvard Road Bridge (in Washington)
and Corbin Park (in Idaho). During the survey, 18 brown trout,
390–590 mm TL, were captured. Estimated population (±95% CI)
and density were 26 (±13) and 4 brown trout/km (Johnson 1995). In
2003, one brown trout, 480 mm TL, was captured in a sample of 158
fish during WDFW electrofishing operations in the upper Spokane
River between Harvard Road and the Washington/Idaho state line
(McLellan 2004b).
Creel data showed similar trends in brown trout abundance. In
1980 and 1981, before brown trout stocking commenced, no brown
trout were caught by anglers fishing between the Green Street
Bridge in Spokane, Washington and Post Falls Dam, Idaho (Bailey
and Saltes 1982). Total fishing effort (±95% CI) was estimated at
28,868 (±131) angler hours. In 1987, after brown trout stocking commenced, Idaho anglers, fishing between the Washington/Idaho
border and Post Falls Dam, harvested an estimated 552 brown trout
with 27,600 angler hours of effort (Horner et al. 1988). In 1990, after brown trout stocking was terminated, anglers fishing between
Sullivan Road and Post Falls Dam harvested 36 (±84) brown trout
with 9,037 (±1,051) angler hours of effort (WDW/IDFW/WWP 1990;
Davis and Horner 1997).
The above data indicated that brown trout abundance in the
upper Spokane River declined sharply soon after stocking ceased
in 1987. Brown trout did not appear to be naturally reproducing
in the upper Spokane River as indicated by the observation that
no brown trout smaller than 390 mm were caught during the 1995
electrofishing survey. In the 1990 survey 67% of the brown trout
captured were ≤300 mm TL. Thus, in 1995, the population seemed
to be composed of only older, larger sized fish, with little or no recruitment of juveniles to this aging population. The fact that only
one brown trout (480 mm TL) was caught in a survey conducted in
2003 lends further support to this conjecture.

It also seems probable that many brown trout emigrated down
the Spokane River. Recoveries of IDFG jaw tagged brown trout
in the middle and lower Spokane River reservoirs and in Lake
Roosevelt supported this hypothesis. Water temperatures in the
upper Spokane River can exceed 24°C during the summer, which
is considerably higher than the 19°C threshold that seems to trigger brown trout behavioral avoidance (see section on Ecology and
Behavior for details).
A total of 102,392 brown trout were also stocked in the reach
between Nine Mile and Monroe Street dams by Washington
Department of Fish and Wildlife from 1972–1973, 1977, 1979–1983,
1986–1989, 1992 and 2002–2004 (McLellan 2002). In 1993 and 1994,
10,526 brown trout were stocked in Long Lake (McLellan 2002).
Five brown trout were captured in a sample of 91 fish during
electrofishing and gill net surveys conducted between Nine Mile
and Monroe Street dams in 1987 (Kleist 1987). Ten brown trout
were captured with 65.5 hours of angling effort in a free-flowing
section of river above the head of Nine Mile Reservoir (Kleist 1987).
In 1990, six brown trout were among 123 fish captured by gill nets
and trap nets in Nine Mile Reservoir (Smith and Johnson 1992). In
1991 and 1992, 14 brown trout were among 2,212 total fish captured
during electrofishing surveys in Nine Mile Reservoir (Smith and
Johnson 1992). In 2001, five brown trout (250–436 mm TL) were
captured among a sample of 1,530 fish during electrofishing and
gill net surveys in Nine Mile Reservoir by WDFW (McLellan 2003).
Plants of brown trout into the upper Spokane River, Idaho and
the reach between Nine Mile and Monroe Street Dams have apparently acted as sources for colonization of downstream reservoirs (Long Lake, Little Falls, and Lake Roosevelt). In Long Lake
Reservoir, no brown trout were collected during a gill net survey
(n = 46 fish sampled) in 1971 (Earnest 197), gill net and electrofishing surveys (n = 152 fish) conducted in 1981 (Fletcher 1981), or gill
net surveys (n = 521 fish ) in 1985 (Pfeiffer 1985). In electrofishing
(n = 15 hours) and gill net surveys (n = 64 sets) conducted in 1988
and 1989, one brown trout was captured in a sample of 9,275 fish
representing 18 species (Bennett and Hatch 1991; Hatch 1991). In
electrofishing (17.3 hours), gill net (56 sets) and fyke net surveys
(n = 56 sets) conducted in 2001, 21 brown trout (90–584 mm TL)
were captured in a sample of 5,791 fish, representing 23 species
(Osborne et al. 2003b.)
In Little Falls Reservoir, 233 brown trout (78–584 mm TL)
were collected in a sample of 8,279 fish during 18.3 hours of electrofishing and 33 gill net sets (spread out over monthly intervals)
from March 1992 to March 1993 (Heaton 1992). The brown trout
population (±95% CI) in Little Falls Reservoir was estimated, via
a Schnabel multiple census estimator, at 539 (485–559) individuals (Heaton 1992). The brown trout in Little Falls Reservoir came
from two sources. Some were from upriver sources (as indicated
by the capture of two fish with Idaho jaw-tags). Others were fluvial
or adfluvial brown trout that out migrated from Chamokane Creek
(an inlet tributary) into the reservoir (as indicated by the capture
of six fish with fin clips or tags that were put on them during their
residence in Chamokane Creek).
Brown trout in Lake Roosevelt have a patchy distribution but
are relatively abundant in the Spokane River Arm, particularly in
the tailrace below Little Falls Dam where brown trout in spawning
condition are routinely captured during September and October.
These fish may be attempting to return to sites above the dam.
Brown trout bearing IDFG jaw tags (indicating that they were re-
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leased below Post Falls Dam, Idaho, n = 5) or EWU Floy tags or fin
clips (indicating that they were originally from Chamokane Creek,
n = 6) have been recovered below Little Falls Dam.
In Lake Roosevelt, brown trout were not detected in fishery
surveys conducted by Gangmark and Fulton (1949), Earnest et al.
(1966) Fulton and Laird (1967), and Stober et al. (1977). Few brown
trout were captured during gill netting and electrofishing surveys by the U.S. Fish and Wildlife Service from 1979–1983 (n = 8)
of 10,201 total fish or 0.7% (Harper et al. 1991; Nigro et al. 1992,
1993; Beckman et al. 1985). Substantially more brown trout were
recovered in gill netting and electrofishing surveys in recent years.
Results of more recent surveys (1979–present) are shown in Table
16.89. Between 1979 and 2006, a total of 790 brown trout were captured out of a sample of 140,236 total fish. Relative abundance of
brown trout among fish sampled in Lake Roosevelt from 1979–1982
was 8 in 10,201 (<0.1%) and among fish sampled from 1988–2006
was 782 in 130,035 (0.6%). My interpretation of these data is that
Lake Roosevelt acted as a ‘sink’ that collected brown trout released
by IDFG below Post Falls Dam (1983–1986) or released by WDFW
between Nine Mile and Monroe Street Dams, or out migrated from
Chamokane Creek.
Brown trout are also abundant in the Colville River between
its confluence with Lake Roosevelt and Meyers Falls (McLellan
and Scholz 2003; McLellan et al. 2004, 2005). In 2002, 63 brown
trout, with a mean (range) of 416 (225–571) mm TL, were among
547 fish captured by drift boat electrofishing in the plunge pool below Meyers Ferry (McLellan 2003). In 2004, 167 brown trout with
a mean (range) of 416 (225–571) mm TL were captured at the same
location (McLellan et al. 2004). These fish, collected between midSeptember and mid-November, were sexually mature, perhaps indicating natural reproduction of brown trout in the lower Colville
River.
In Rufus Woods Lake (the reservoir inundated by Chief Joseph
Dam), two brown trout were among 304 fish collected in gill net
operations conducted by USFWS in 1972 (Laumeyer 1972). In 1997,
36 brown trout were captured in a sample of 7,707 fish during 67
hours of electrofishing and 78 beach seine hauls (Beeman et al.
2003; Gadomski et al. 2003, 2004). These brown trout may have entrained from Lake Roosevelt at Grand Coulee Dam or from WDFW
plants of brown trout in Foster Creek (Douglas County), which is
a tributary of Rufus Woods Reservoir.
In 1974, Dell et al. (1975) surveyed the mid-Columbia mainstem
reservoirs from RKM 635.4 to RKM 872.2 (Priest Rapids, Wanapum,
Rock Island and Rocky Reach and Wells reservoirs), using a combination of Merwin traps, beach seining and angling. No brown
trout were caught in a sample of 32,289 fish. Burley and Poe (1994)
resurveyed these reservoirs in 1992. No brown trout were observed
in the tailrace of Priest Rapids Dam, or in Priest Rapids, Wanapum,
Rock Island, or Rocky Reach reservoirs. Two brown trout were collected in Wells Reservoir.
In the Little Spokane River Sub-basin, WDFW stocked brown
trout into the Little Spokane River in 1980, 1983, 1984, 1986–1991
and 1993 (n = 57,798); Dragoon Creek in 1959, 1964, 1979, 1980 and
1983 (n = 41,445); Eloika Lake (Spokane County) from 1986–2001
(n = 93,452), and Sacheen Lake (Pend Oreille County) from 1991–
1993 (n = 900) (Vail et al. 2001; McLellan 2002).
Brown trout were present in low densities in the Little Spokane
River and some of its tributaries during stock assessment surveys
conducted by WDFW from 2001 to 2003 (McLellan 2002, 2003,
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2004). Sixty-two brown trout, 61–261 mm TL, were collected
at six of eight sites surveyed on the West Branch Little Spokane
River (McLellan 2003). In Dragoon Creek, 101 brown trout, 61–
371 mm TL, were collected at 13 of 28 sites sampled in the mainstem
and five more, 92–234 mm TL, were collected at 4 of 13 sites sampled in the West Branch Dragoon Creek. Individual brown trout
were also collected in Beaver Creek (at one of 11 sites), Dry Creek
(at one of the six sites), Otter Creek (at one of 14 sites) and Spring
Creek (at one of two sites) (McLellan et al. 2002, 2003).
Fish in Dragoon Creek are apparently being maintained by natural reproduction since the most recent stocking event was in 1983
and fish of several age classes were present. The West Branch Little
Spokane River brown trout are most likely derived from the annual stocking of Eloika Lake, which is an enlargement of the West
Branch Little Spokane River. Prior to commencement of annual
stocking in Eloika Lake, no brown trout were present in a sample
of 318 fish collected by 2 hours of electrofishing and 8 gill net sets
in 1978 (Zook 1978). Three brown trout (185–465 mm TL) were captured in a sample of 916 fish during 2.5 hours of electrofishing, 8 gill
net sets and 8 fyke net sets at Eloika Lake in May 2001 (Divens et
al. 2002a). The low number of brown trout in the sample suggested
they may be emigrating from the lake. In support of this inference,
one brown trout (357 mm) was captured in a sample of 791 fish
at Horseshoe Lake, Pend Oreille County, in 2004 (McLellan et al.
2005). There are no records of stocking brown trout in Horseshoe
Lake but it is located about 6 km upstream of Eloika Lake on the
West Branch Little Spokane River. One brown trout (670 mm TL)
was among 2,035 fish sampled with 2 hours of electrofishing effort,
8 gill net sets and 8 fyke net sets in Sacheen Lake in 2000 (Divens
et al. 2002c). The large size of this fish indicated that it might have
been a survivor of the 1993 plant.
There are no records that brown trout were ever stocked in
Chamokane Creek, Stevens County, by either federal or state fisheries agencies. However, the water supply for the WDFW Hatchery
at Ford, Washington (which holds the state’s brown trout brood
stock) is a natural artesian spring that drains into Chamokane
Creek. Brown trout apparently escaped through the hatchery drain
into the creek. Chamokane emerges from the ground in a series
of massive springs in the vicinity of Ford, Washington and flows
13 km to join the Spokane River. Brown trout colonized the entire
reach and established natural spawning populations. In October
1986, 140 brown trout redds were counted (Barber 1988; Barber et
al. 1988). Also in 1986, the brown trout population (±95% CI) was
estimated, using the Petersen mark/recapture method, at 20,633
(±5,638) (Scholz et al. 1988). The population was composed of 9559
(±2,208) age 0, 4,724 (±1,077) age 1, 2,981 (±510) age 2, 1,973 (±708)
age 3, 1,022 (±327) age 4 and 374 (±69) age 5 fish. Average total
length (mm) and weight (g) were: age 0 (100 mm, 11 g), age 1 (139
mm, 32 g), age 2 (218 mm, 117 g), age 3 (286 mm, 262 g), age 4 (410
mm, 683 g), age 5 (473 mm, 1,076 g) (Uehara et al. 1988). Population
density was 1,587 brown trout/km (2,579/mile). Population density
of age 3 and 4 brown trout (i.e., density of brown trout >1.5 lb.)
was 107/km, or about 1 brown trout >1.5 lb. for every 9.3 meters (1
brown trout >1.5 lb. for every 31 feet) of stream.
Chamokane Creek is able to support such high densities of large
brown trout because it has excellent water quality (O’Laughlin
et al. 1988a) and is a highly productive environment for benthic
macroinvertebrates(O’Laughlin et al. 1988b; O’Laughlin 1989). The
massive springs moderate the water temperature of Chamokane
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Creek in both summer and winter, providing a growing season for
trout that lasts for most (≈11 months) of the year. Additionally, the
temperature over most of this period is in the optimal range for
brown trout growth. Temperatures near the optimum minimized
costs of routine metabolism, which reduced energy expenditures
and allowed the fish to store consumed energy in body growth.
Food resources did not appear to limit brown trout production
in Chamokane Creek. Benthic invertebrate production averaged
(ranged) 36,000 organisms/m² (2,000–124,000/m²) (O’Laughlin et
al. 1988b; O’Laughlin 1989). These are the highest densities we have
seen reported for streams in the Columbia Basin. Other productive
trout streams had invertebrate densities of about 7,200 organisms/
m² (range 1,000–21,000 organisms/m²). Populations of mottled
and torrent sculpin, which also were favored prey of brown trout,
were estimated at about 150,000 and 10,000 respectively (Scholz et
al. 1988). These estimates likely underestimated sculpin abundance
since they hide under rocks and often go undetected during electrofishing surveys. Geist et al. (1988) compared the food habits of
brown trout from Chamokane Creek with prey availability. They
concluded that prey availability did not limit brown trout production in Chamokane Creek.
The principal factor limiting brown trout production in
Chamokane Creek was physical habitat for adult and spawning life
history stages (Barber 1988; Barber et al. 1988) This was determined
by using the instream flow incremental method (IFIM) developed
by USFWS. IFIM results indicated that a minimum flow of 27.7 CFS
was needed to maintain the habitat that produced the population
described above. Factors that reduce this minimum flow such as
long-term drought or irrigation withdrawals, have potential to
reduce adult/spawning habitat and brown trout populations. For
example, when a long-term drought from 1987 to 1992 reduced
minimum flow in late summer to about 18 CFS, brown trout populations in the lower 13 km reach of Chamokane Creek declined to
an estimated (±95% CI) abundance of 8,333 (±4,117) during a population estimate made in 1992. After normal precipitation in 1994
and 1995 restored the minimum flow to 24–27 CFS, the brown trout
population rebounded to 13,408 (±4,151) in the fall of 1995 (Scholz,
unpublished data).
Brown trout tend to be more piscivorous than other species
of trout, so WDFW planted them in several lakes in northeastern
Washington to control rough fish or stunted gamefish populations.
Some of these lake (e.g., Clear Lake and Jumpoff Joe Lake) had
periodically been rehabilitated by treatment of rotenone to control rough fish and were subsequently stocked with rainbow trout.
When rough fish species (e.g., goldfish) that were resistant to rotenone appeared, it was no longer cost-effective to continue rotenone treatments or plant rainbow trout; so WDFW began planting
piscivorous brown trout in an attempt to biologically control the
burgeoning gold fish populations and provide a trout for anglers.
In other cases (e.g., Liberty and Silver Lakes), property owners associations, out of concern about health issues, opposed continued
treatment of their lake with rotenone. WDFW also began to stock
brown trout into these lakes. Because they are hardier and can
tolerate warm temperatures better than other trout, brown trout
are especially suitable for stocking in eutrophic, lowland lakes that
suffer hypolimnetic oxygen depletion during the summer months.
In Spokane County, brown trout have been stocked in Clear,
Downs, Fish, Liberty, Medical, Newman and Silver Lakes. At Clear
Lake, brown trout were stocked from 1995 to present to control

Table 16.89

Year

Captures of brown trout and total numbers of fish.
Surveys conducted in Lake Roosevelt from 1979–
2006. TL range is shown where it was recorded.
# brown trout

TL (mm)

Total # fish

1979/1980¹

6

3,467

1981²

2

2,039

1982³

0

4,695

1988⁴

28

250–732

3,348

1989⁴

21

151–610

7,348

1990⁵

16

8,550

1991⁶

15

8,115

1992⁷

6

3,570

1993⁸

16

2,620

1994⁹

22

9,210

1995¹⁰

38

8,965

1995¹¹

44

1996¹²

58

1996¹³

45

1997¹⁴

17

1997¹⁵

77

1998¹⁶

17

1998¹⁷

31

1999¹⁸

24

247–520

2,091

1999¹⁹

12

159–700

3,841

2000²⁰

4

162–412

1,685

2001²¹

31

133–567

4,685

2001²²

18

95–676

5,006

2001²³

18

133–514

1,814

2002²⁴

9

2002²⁵

73

2003²⁶

8

2003²⁷

107

2004²⁸

9

239–779

2,117
3,622

147–550

2,515
10,601

159–700

10,252
9,327
5,167

1,638
200–620

2,798
1,896

215–590

2,873
2,725

2004²⁹

3

277–606

1,263

2005²⁶

14

114–672

1,478

2006²⁷

1

390

915

Total

790

140,236

Total (79–82)

8

10,201

Total (88–06)

782

130,035

References: ¹Harper et al. (1991); ²Nigro et al. (1982); ³Nigro et al.
(1983); ⁴Peone et al. (1991); ⁵Griffith and Scholz (1992); ⁶Thatcher et al.
(1993); ⁷Griffith and McDowell (1996); ⁸Underwood and Shields (1996);
⁹Underwood et al. (1996); ¹⁰Underwood and Shields (1997); ¹¹Scholz (1996);
¹²Chichoz et al. (1997); ¹³Scholz (1997); ¹⁴Chichoz et al. (1998); ¹⁵McLellan
et al. (1998); ¹⁶Spotts et al. (2003); ¹⁷McLellan et al. (2001); ¹⁸McLellan et al.
(2003); ¹⁹McLellan et al. (2001); ²⁰Lee et al. (2003); ²¹McLellan et al. (2001);
²²McLellan and Scholz (2002); ²³Scofield et al. (2004); ²⁴Fields et al. (2004);
²⁶Pavlik-Kunkel et al. (2005); ²⁷McLellan et al. (2004); ²⁸Lee et al. (2006);
²⁹McLellan et al. (2005); ²⁶McLellan et al. (2006); ²⁷McLellan et al. (2007).
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goldfish populations. Brown trout carryover in the lake because
large brown trout have been recorded during fishery surveys. In
1997, a sample of 458 fish collected in Clear Lake with 0.83 hours
of electrofishing effort contained 11 brown trout 300–412 mm TL
(Scholz 1998). In 1998, WDFW collected six brown trout (254–
524 mm TL) in a sample of 3,165 fish collected with 2.5 hours electrofishing effort, 8 gill net sets and 8 fyke net sets (Phillips and
Divens 2000). In 2003, a sample of 1497 fish collected in Clear
Lake with 4.5 hours electrofishing effort, 8 gill net sets and, 8 fyke
net sets, contained 75 brown trout ranging from 40–560 mm TL
(Moan and Scholz 2005).
Brown trout were collected during WDFW electrofishing and/or
gill netting operations at Newman Lake, in 1982 (n = 1 of 248 fish;
Fletcher 1982), 1994 (n = 3 of 148 fish; Duff et al. 1995), 1995 (n = 4 of
105 fish; Duff et al. 1996). Brown trout stocking was discontinued
in 1996 after these surveys were made and none were observed in
surveys conducted in 2000 that sampled 1,809 fish (Osborne et al.
2004) and 2001 that sampled 98 fish (Scholz 2002).
At Downs Lake, legal-sized brown trout were planted to control stunted panfish and yellow perch. Brown trout ranging from
258–435 mm have been recorded during recent fish surveys (Scholz
2002, Phillips 2006). At Fish Lake, brown trout stocking was discontinued and replaced by tiger trout plants starting in 2000.
At Liberty Lake, legal sized brown trout were planted to control
stunted panfish and yellow perch. During a fish survey conducted
in 1998, 21 brown trout (255–401 mm) were collected in a sample of
2,167 fish with 2.5 hours of electrofishing effort, 8 gillnet sets and 8
fyke net sets (Divens et al. 1999). The large size of some of these fish
indicated that they were carry overs.
From about 1950 to 1980, Silver Lake was a prolific producer of
rainbow trout, managed by treatment with rotenone at approximately 5–6 year intervals. After resistance by property owners associations in the 1980s, rotenone treatments were discontinued.
Tench populations ballooned and the rainbow fishery declined to
obscurity. WDFW began planting brown trout in an effort to control tench populations but the tench were larger than the brown
trout could handle, so WDFW began planting tiger muskellunge
into Silver Lake to control tench.
Medical Lake began receiving plants of brown trout in 1986 to
control a rapidly expanding goldfish population. In electrofishing
and gill net surveys conducted on 17 May, 28 July,and 8 November
2006, brown trout (n = 36, 242–453 mm TL) were among 206 total
fish sampled (Miller 2008). Also sampled were 61 largemouth bass,
68–430 mm TL. Apparently, the combination of largemouth bass
patrolling the littoral zone and brown trout patrolling the limnetic
areas of the lake was sufficient to keep goldfish in check because
none were encountered during this sampling.
In Stevens County, brown trout are present in Jump-off-Joe and
Waitts Lakes. Brown trout were stocked in Jump-off-Joe Lake to
control goldfish. Two brown trout, 495–610 mm TL, were among
the 1,656 fish collected during 1.2 hours of electrofishing, 4 gill
net sets and 4 fyke net sets in 1998 (Divens and Phillips 1999).
Largemouth bass (n = 256, 81–357 mm TL) and goldfish (n = 3, 355–
399 mm TL) were also collected during this survey, lending further
support that a combination of largemouth bass and brown trout
can be used to control goldfish populations.
Naturally reproducing brown trout also appear to be present
in the Kettle River (Ferry, Okanogan and Stevens Counties). Eight
brown trout, 164–591 mm TL, were caught in a sample of 367 fish
1368

obtained during 3.83 hours of electrofishing at 22 sites in 2004
(McLellan and Vail 2005).
In the Pend Oreille River Basin brown trout are present in
the Pend Oreille mainstem and in many tributaries of Boundary
(McLellan 2001) and Box Canyon reservoirs (Ashe and Scholz
1992). In 1999 and 2000, WDFW captured 1,930 fish during electrofishing and gill net surveys of Boundary reservoir, including 6
brown trout, 271–452 mm TL (McLellan 2001). In the same year,
WDFW surveyed seven tributaries of Boundary Reservoir and
collected a total of 1,039 fish (McLellan 2001). Brown trout were
present in two tributaries (Sullivan and Sand creeks) and absent
in Flume, Line, Pee Wee, Sand, Slate and Lunch creeks (McLellan
2001).
In 2003, eight brown trout, 150–757 mm TL, were collected in
a sample of 3,280 fish during 15.2 hours of electrofishing and 72
gill net sets at Sullivan Lake (Nine 2001; Nine and Scholz 2001).
The brown trout in Sullivan Lake are apparently an adfluvial strain
that migrate into the inlet tributary (Harvey Creek) in September
and early October (Tom Shuda, USFW, Colville, Washington, pers.
comm.) but spawning by brown trout in Harvey Creek has not
been verified. The presence of only relatively large brown trout in
Boundary Reservoir and few brown trout in Boundary Reservoir
tributaries suggests that most of the brown trout in the Boundary
System are being produced above Box Canyon Dam and entering
Boundary Reservoir via entrainment.
In Box Canyon Reservoir, 335 brown trout, ranging from 100–
580 mm TL and <0.1–1.8 kg in weight, were captured during 216.2
hours of electrofishing, 765 hours of gill net sets, and 2.6 km of
beach seine hauls from 1988–1991 (Barber et al. 1989a, 1989b, 1989c,
1990; Ashe 1991, Ashe et al. 1991a, 1991b; Ashe and Scholz 1992).
In independent electrofishing, gill net, and beach seining surveys
conducted in 1989 and 1990 for Pend Oreille County PUD, 150
brown trout were collected in a sample of 29,213 fish (Bennett and
Liter 1991).
In 1991 and 1992, 18 brown trout were captured in a sample
of 5,193 fish with 27.0 hours of electrofishing effort in the Middle
Box Canyon Reservoir adjacent to the Kalispel Indian Reservation
(Skillingstad 1993; Skillingstad et al. 1993). Electrofishing surveys conducted annually by the Kalispel Tribe Natural Resources
Department (KNRD) from 1997–2003 collected additional brown
trout at various locations in Box Canyon Reservoir (KNRD and
WDFW 1998; Anderson 2000, 2001; Olson and Anderson 2004).
In 2003, 18 brown trout, 221–526 mm TL, were found in a sample
of 505 fish collected with 5.2 hours electrofishing effort over a 14
km segment of Upper Box Canyon Reservoir between the confluence of Indian Creek and tailrace of Albeni Falls Dam (Geist et al.
2004). In 2004, 68 brown trout were obtained in a sample of 2,113
fish collected from the same area by 12.3 hours of electrofishing effort (Scholz et al. 2005). Also in 2004, WDFW and KNRD conducted
fishery surveys at 126 randomly selected electrofishing sites (20.6
hours total electrofishing effort), 64 fyke net sets and 56 gill net sets
between Box Canyon and Albeni Falls dams (Divens and Osborne
2005). This effort yielded a total of 15,525 total fish, including 42
brown trout.
Nearly all of the brown trout captured during surveys of Box
Canyon Reservoir were taken by electrofishing. CPUE for the reservoir wide surveys conducted in 1988–1991 by EWU (335 brown
trout ÷ 216.2 hours electrofishing effort = 1.5 brown trout/hour;
Ashe and Scholz 1992) was virtually the same as that for reservoir
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wide surveys conducted by WDFW and the Kalispel Tribe in 2004
(42 brown trout ÷ 20.6 hours electrofishing effort = 1.6 brown trout/
hour; Divens and Osborne 2005). Thus brown trout abundance
does not appear to have changed appreciably during the 16 year
interval between 1988 and 2004. Brown trout do appear to be more
concentrated in the upper 14 km of Box Canyon Reservoir as indicated by an electrofishing CPUE 3.4 brown trout/hour that was
double that of the CPUE for reservoir-wide surveys in 2004 (Scholz
et al. 2005).
The brown trout population of Box Canyon Reservoir was
estimated in 1989 using a Schnabel multiple mark/recapture estimator (Barber et al. 1990). The estimated population (±95% of
confidence intervals) was 7,264 (3,104–22,701) (Barber et al. 1990).
During the same year a reservoir-wide creel survey was conducted.
Anglers expended 3,029 (±374) hours to catch (±95% CI) 91 (±11)
and harvest (±95% CI) 68 (±9) brown trout (Barber et al. 1990).
Angler exploitation was about 1.2% of the population.
Brown trout were present in most of the larger tributaries of
Box Canyon Reservoir (Barber et al. 1989, 1990; Ashe et al. 1991;
Bennett and Liter 1991; Ashe and Scholz 1992; KNRD and WDFW
1996, 1997, 1998; Watson et al. 1997; Scott 1999; Lockwood et al.
2001; Anderson 2000, 2001; Conner et al. 2003a, 2003b, Olson and
Anderson 2004). In occupied tributaries, brown trout were usually
more abundant in the lower reaches and less abundant in the upper
reaches. For example, in Cee Cee Ah Creek (a large tributary) the
average density of brown trout was 16 fish/100 m² in 1989 (Ashe
and Scholz 2002). Densities as high as 32 brown trout/100 m² were
observed at downstream sites whereas densities of 0–4 brown
trout/m² were observed at upstream sites.
At LeClerc Creek (another large tributary) the average density was 2 brown trout/100 m² in 1989 (Ashe and Scholz 1992).
Densities as high as 6 brown trout/100 m² were observed at downstream sites; whereas densities of 0–2 brown trout/100 m² were
observed at upstream sites.
At Ruby Creek (a small tributary) brown trout were absent in
1989 and only one individual was observed near the mouth in 1990
(Ashe and Scholz 1992).
At Skookum Creek (a large tributary) average density was 22
brown trout/100 m² in 1999 (Ashe and Scholz 1992). Densities as
high as 82 brown trout/100 m² were observed at downstream sites;
whereas densities of 0–3 brown trout/100 m² were observed at upstream sites.
At Tacoma Creek (a large tributary but with complicated attachment to the Pend Oreille River through a circuitous slough)
no brown trout were captured in 1989 and only one individual was
observed near the mouth in 1990.
Bennett and Liter (1991) or KNRD have recorded presence of
brown trout in 17 tributaries: Big, Browns, Cedar, Cee Cee Ah,
Davis Creek, Fourth of July (tributary of LeClerc), Indian, LeClerc
(East Branch and West Branch), Middle, Mill, Ruby Creek,
Skookum (East Branch and West Branch) and Tacoma creeks.
Adfluvial migration is a common life history strategy employed by brown trout in Box Canyon Reservoir as evidenced by
radio telemetry investigations (Bennett and Garrett 1994). From
1997–2000, the Kalispel Tribe monitored upstream/downstream
migration traps to capture adfluvial fish migrating to or from the
Pend Oreille River (Scott 1999; Lockwood et al. 2001). Twelve different tributaries were monitored over the course of this study:
three for four years, five for three years, one for two years and four

for one year. During 1998, 56 brown trout were collected in upstream traps and 246 brown trout were collected in downstream
traps (Scott 1999). Traps (n = brown trout collected) were installed
at Big Muddy (n = 1 juvenile), Cedar (n = 2 juveniles), Cee Cee Ah
(n = 12 adults, 26 juveniles), Indian (n = 13 adults, 36 juveniles),
LeClerc (East Branch) (n = 9 adults, 11 juveniles), LeClerc (West
Branch) (n = 4 adults, 3 juveniles), Middle (n = 1 juvenile), Mill
(n = 1 juvenile), Ruby (n = 1 adult, 3 juveniles), Skookum (North
Fork) (n = 41 adults, 64 juveniles), and Skookum (Middle Fork)
(n = 16 adults, 58 juveniles) creeks (Scott 1999).
In the Columbia Basin, brown trout have been stocked in Blue,
Dry Falls, Dusty, Gloyd Springs, Homestead, Index (No. 1 and 2),
Lenice, Merry, Nunnally, Park, East Sage, West Sage, Shay, Warden
and South Warden lakes in Grant County (Williams 1997; Korth
and Bartlett 2001). Brown trout were stocked in Quail Lake in
Adams County, Foster Creek (tributary of Rufus Woods Lake) in
Douglas County and Antlion Lake in Chelan County (Williams
et al. 1997; Korth and Bartlett 2001). Groves (1951) reported that
brown trout from Trout Lodge Hatchery on Rocky Ford Creek
escaped from the hatchery and migrated downstream into Moses
Lake (Grant County). However they did not persist in Moses Lake
because none were reported in creel surveys conducted in 1974,
1983, 1995, and 1996, or during fish surveys conducted in 1978,
1989, 1999 which sampled a total of 7,116 fish (Burgess 2000).
Brown trout were present in Banks Lake (Grant County) during
fish surveys conducted from 1973 – 1976 (Stober et al. 1976) but
none were collected during electrofishing, gill net and fyke net surveys conducted by WDFW in 2000 that sampled 1,988 fish (Woller
et al. 2003), or 2002 and 2003 that sampled 7,513 fish (Polacek et
al. 2003).
In Lincoln County brown trout were stocked at several locations in the mainstem of upper Crab Creek and some of its tributaries e.g., Bluestem and Wilson Creeks. In 2001 and 2002, no
brown trout were collected during electrofishing surveys at 12 sites
in the mainstem of Crab Creek from the confluence of Wilson
creeks in Grant County to its headwaters south of Reardan in
Lincoln County (Scholz 2002, 2003). One brown trout (92 mm TL)
was collected in a sample of 391 fish at Bluestem Creek, a headwater tributary of Crab Creek, with 0.33 hours of electrofishing effort
in 2002 (Scholz 2003). Thirty-one brown trout (91–567 mm TL)
were collected in a sample of 189 fish in Wilson Creek, with 0.46
hours of electrofishing effort in 2002 (Scholz 2003). The fish were
collected above Wilson Creek Falls on BLM property near Govan,
Washington. Brown trout may be naturally spawning in this reach
because the smallest fish collected did not have eroded fins which
are typical of hatchery fish.
In Okanogan County, brown trout were planted in Okanogan
Lake and Similkameen River before 1979 (Crawford 1979). Palmer
Lake, Okanogan County, was stocked with 37,648 brown trout in
1985 and 1986 but none were observed in a sample of 2,917 fish collected in June and September 1999 by 5.0 hours of electrofishing, 16
gill nets sets and 16 fyke net sets (Osborne et al. 2003a). Fish Lake,
Okanogan County, was also stocked with brown trout (Korth and
Bartlett 2001).
Brown trout appear to be scarce or absent from most tributaries entering the mid-Columbia along the eastern slopes of the
Cascade Mountains. There was no mention of brown trout being taken during fish surveys in the mainstems or tributaries of
Wenatchee, Entiat or Methow river basins summarized by Bryant
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and Parkhurst (1950), Mullan (1984, 1986, 1987), or Mullan et al.
(1992a, 1992b). One brown trout was observed in a snorkel survey
between RKM 47.5–51.5 on the Methow River in 1998 (Dunnison
1999). Brown trout were not reported in fish surveys of Lake
Chelan and its tributaries (Evermann 1909; Brown 1984; Viola and
Foster 2002).
Brown trout are present in the Yakima Basin in low abundance.
Brown trout were collected at RKM 14, 40, 161, 169 of the Yakima
mainstem (Patten et al. 1970; WDFW Ecological Interactions
Team 1998). Brown trout were stocked into Yakima mainstem (in
Yakima County) by WDFW in 1933 (n = 16,000), 1953 (n = 39,000),
and 1958 (n = 19,900). Brown trout were also stocked in Wide
Hollow (n = 34,000 in 1947 and additional numbers in the early
1990s) and Bachelor (n = 10,000 in 1954) creeks near Yakima
Washington. Brown trout were stocked in several tributaries of
the lower Yakima, in Benton County, including Corral, Kiona and
Spring creeks between 1989 and 1994. A few brown trout were collected during electrofishing surveys in the lower Yakima River
(especially between RKM 29.3 and RKM 57.1) in 1994 (Pearsons et
al. 1996), 1999 (Pearsons et al. 2001a), 2000 (Pearsons et al. 1996),
1999 (Pearsons et al. 2001a), 2000 (Pearsons et al. 2001b), and 2002
(Pearsons et al. 2003a). Usually not more than one or two brown
trout were collected on a single trip and none were collected at the
same sites in some years, e.g., 2001, 2003 and 2004 (Pearsons et al.
2002, 2003b, 2003c).
Brown trout have been stocked in several lakes in Kittitas
County, including Cooper Lake (Anderson 2000, 2004; Cummins
et al. 2001), Rotary Lake (Anderson 2000), Wenas Lake (Anderson
2000), and North and South Fio Rito fish ponds along Interstate
Highway 82 near Ellensburg Washington (Divens et al. 2002d).
The Fio Rito ponds are managed by WDFW as a put-and-take fishery maintained by annual stocking. In 2000, seven brown trout
(205–249 mm TL) were among the 577 fish collected in North Fio
Rito and 25 brown trout (170–286 mm TL) were among the 274
fish collected in South Fio Rito during fishery surveys conducted
by WDFW(Divens et al. 2002d). Effort expended at each pond included three 10 minute electrofishing transects, two gill net sets
and two fyke net sets.
A natural spawning population of brown trout became established as a result of the Cooper Lake Plants. Cooper Lake drains into
Cooper Creek, a tributary of the Cle Elum River above Cle Elum
Lake. On November 8, 2002, 30 redds, 15 occupied by brown trout,
were counted in the Cooper River between the outlet of Cooper
Lake and its confluence with the Cle Elum River (Anderson 2004).
The large size of three fish indicated that they were adfluvial but it
was not known if they were migrating downstream from Cooper
Lake or upstream from Cle Elum Lake.
In southeastern Washington, brown trout were rarely found in
the Snake River mainstem reservoirs. Bennett et al. (1983) captured
none a sample of 3,090 fish (19 species) collected during fishery
surveys in Lower Granite Reservoir, one in a sample of 40,598 (28
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species) from Little Goose Reservoir; none in a sample of 4,702
fish (23 species) from Lower Monumental Reservoir; and none in a
sample of 3,869 fish (24 species) in Ice Harbor Reservoir. Wydoski
and Whitney (2003) reported a personal communication from
A. Setter, ODFW, that “two brown trout were collected below Little
Goose Dam in 1998 but none were collected in other years between
1988 and 1999.” Wydoski and Whitney speculated that the occasional brown trout that appear in Snake River were probably produced from natural reproduction in tributaries. It is equally possible that these fish could have been from hatchery brown trout,
planted in Rock Lake (Whitman County) that migrated out of the
lake, down Rock Creek and the Palouse River to the Snake River.
Brown trout are present in the Touchet and Tucannon rivers
in southeastern Washington. In the Tucannon Basin, the distribution map in Wydoski and Whitney (2003) indicated that brown
trout were present in the middle Tucannon River and lower Panjab
Creek. The Touchet River is a tributary of the Walla Walla River.
Brown trout occur in upper Touchet River and its headwater tributaries upstream from Waitsburg, Walla Walla County, Washington
(Michaelis 1982; Schuck and Mendel 1986; Mendel et al. 1999, 2000,
2001, 2002, 2003). WDFW began annual stocking of brown trout
in the upper Touchet River above Dayton, Columbia County, in
1963 (Mendel et al. 2001). Plants were discontinued in 1999 because these headwaters contained threatened bull trout (Mendel
et al. 2001).
Brown trout have been collected in a mainstem of the Touchet
River near Waitsburg and Dayton, in its North Fork, South Fork,
Wolf Fork, Robinson and Coppei creeks (Michaelis 1982; Schuck
and Mendel 1986; Mendel et al. 1999, 2000, 2001, 2002, 2003).
Densities were relatively low and that their distribution was patchy.
For example, in 1998, nine sites were sampled in the mainstem,
but only five contained brown trout (Mendel et al. 1999). In 1999,
two of seven mainstem sites contained brown trout (Mendel et al.
2000). In 2000, two of three mainstem sites contained brown trout
(Mendel et al. 2001). In 2001, six of nine mainstem sites contained
brown trout (Mendel el al. 2002). In 2002, six of eight mainstem
sites contained brown trout (Mendel et al. 2003). Brown trout
densities ranged from 0 to 0.7 brown trout/100 m² at mainstem
sites; 0 to 1.7 brown trout/100 m² at North Fork sites; 0–3.6 brown
trout/100 m² at South Fork sites; 0–4.2 brown trout/100 m² at Wolf
Fork sites; 0–0.8 brown trout/100 m² at Robinson Creek sites; and
0–1.0 brown trout/100 m² at Coppei Creek sites. Limited natural
production of brown trout is known to occur in the upper Touchet
region. Brown trout redds have been observed, and young-of-theyear fish too small to be hatchery plants were observed, but natural
production has not yet been quantified. The patchy distribution
and low densities at locations where brown trout are present indicates that brown trout are having difficulty in becoming established in this region. Brown trout were not observed in Asotin
Creek (Mendel et al. 2004).
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TIGER TROUT
Salvelinus fontinalis (Mitchell, 1814) × Salmo trutta Linnaeus, 1758
Primary Identification

Confirming Characters

1.

Adipose fin present.

2.

Square anal fin with <12 rays.

3.

Axillary process present at front end of pelvic fin.

4.

Wavy markings (vermiculations) present on back and
sides (over most of body), resemble a tiger (in adults
>25 cm) or giraffe (in juveniles <25 cm).

1.

Black spots on operculum and nape, dorsal fin, adipose fin and caudal fin.

2.

Anterior margins of pectoral, pelvic and anal
fin white with faint (narrow interior black bar.
Resembles brook trout.

3.

Lateral lines scales 106–133.

4.

Dorsal fin rays 10–15.

5.

Gill rakers 12–20.

6.

Pyloric caeca 18–52.

Figure 16.40 Tiger trout with giraffe-like markings, Fish Lake, Spokane County, WA. Inset shows a tiger trout with tiger striped
markings.

Similar Species
1.

2.
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loes. A few spots may be red or orange. Anterior edge
of pectoral, pelvic and anal fins not tipped in white.

Brook trout: Wavy markings (vermiculations) confined to back (dorsal surface). Also have light spots
on a dark background. Many are red spots in blue
haloes, scattered over entire body. Anterior margin
of pectoral, pelvic and anal fins white with a distinct
(brood) dark interior black bar.
Brown trout have dark spots on light background
scatters over entire body, some x or + shaped in ha-

Etymology
Salvelinus: An old Scandinavian name for charr.
fontinalis: Living in springs.
Salmo: An ancient Latin name for Atlantic salmon, means “the
leaper.”
trutta: An ancient Latin name for the brown trout.
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Pronunciation
Salvelinus		

Sal-vel-în-us

fontinalis		

font-in-a-lis

Salmo		

sal-mo

trutta		

trut-ta

Tiger trout are highly variable in pattern of stripes and spots
(Figures 16.40 and 16.41).
The diploid (2N) number of chromosomes in 80 is brown trout,
84 in brook trout and 82 in hybrid tiger trout (Capanna et al. 1973).
Natural hybrids between brook trout and brown trout have been
reported in Montana (Brown 1966) and Alberta (Allan 1977).

Scientific synonyms
Salvelinus fontinalis (Mitchell, 1814) × Salmo trutta Linnaeus, 1758

Common Name(s)

Scholz and McLellan (2009: 199; 2010: 449).

Tiger trout.

Systematic Notes

Distribution and Stock Status

The tiger trout is an infertile hybrid between a brook trout (usually male) and a brown trout (usually female) (Day 1884; Buss and
Wright 1956, 1958; Suzuki and Fuleuda 1971a, 1971b, 1973a; Capanna
et al. 1973; Chevassus 1979; Blanc and Chevassus 1979). Hybrids
suffer high mortality during the egg and alevin stages. For example, out of 2,000 brown trout eggs fertilized by male brook trout
only 150 survived to an age of 1 year, and out of 8,000 brook trout
eggs fertilized by male brown trout, only 16 survived to an age of
1 year (Day 1884). Many of the young were malformed monstrosities that did not survive long after hatching (Day 1884). In another
study, when 3,096 brook trout eggs were fertilized with sperm from
brown trout, only 13 survived through the fry stage and 10 survived to age 1 (Suzaki and Fuleuda 1971a, 1971b). When 1,841 brown
trout eggs were fertilized with brook trout sperm, 1,204 survived
through the fry stage and 920 (50%) survived until age 3 (Suzuki
and Fuleuda 1971a, 1971b). Similar survival rates were reported by
Blanc and Chevassus (1979). Thus, it is clear that utilizing brown
trout females and brook trout males produces more offspring than
the reciprocal cross of brook trout females and brown trout males.
Suzaki and Fuleuda (1973b) determined that F₁ hybrids of a brown
trout female parent and a brook trout male parent were sterile. The
hybrids (n = 40) averaged 507 ±68 g in body weight and 0.6 ±0.1 g
in gonad weight, indicating that functional gonads failed to develop in the hybrids. Examination of ovaries in female specimens
indicated that they were devoid of eggs. The testes of males were
constricted and only 1 of 75 males had viable spermatozoa (Suzaki
and Fuleuda 1973b; Chevassus 1979).

Tiger trout are a recent addition to the waters of eastern Washington.
Owing to their sterility, they are now the preferred alternative for
planting many waters formerly stocked with brown trout. Locations
where tiger trout have been stocked in eastern Washington is shown
in Figure 16.42. Since 2003, tiger trout have been stocked at the
following locations in Eastern Washington: Quail Lake (Adams
County), and Buckwheat Lake (Douglas County). Grant County
locations include: Beda, Blue, Brookies, Dry Falls, Dune, Harris,
Homestead, Index #1, Index #2, Lenice, Magpie, Mansfield, March,
Merry, Nunnally, Sage (East), Sage (West), Sandock, Shay, Vic Meyer
and Warden lakes. Upper Crab Creek and Gloyd Seeps (on upper
Crab Creek), Homestead Creek. Drains 239 and 645 in Grant County
have also been stocked with tiger trout. Okanogan County locations
include: Big Twin Lake (in the Methow Valley), and Connor, Forde,
Little Reflection and Washburn lakes (in the Sinlahekin Valley).
Pend Oreille County locations include Leo Lake (in the Little Pend
Oreille Lake Chain, Colville River Drainage), Sacheen Lake (Little
Spokane River drainage), and Sullivan Lake (Pend Oreille River
drainage). Spokane County locations include: Clear, Fish, Medical,
North Silver, and Silver lakes near Cheney. Stevens County locations
include: Black, Gillette, Heritage, Sherry and Thomas lakes on the
Little Pend Oreille River (Colville River drainage). At most of these
locations the number of tiger trout stocked ranged from a few hundred to a few thousand. Larger numbers were stocked at Black (n =
7000), Clear (n = 16,300), Fish (n = 15,000), Sacheen (n = 6,000)
and Thomas (n = 8,000) lakes. A tiger trout was recently collected in
Moses Lake. This fish had apparently migrated downstream into the
lake from Gloyd Springs on Crab Creek.
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Figure 16.41

1374

Common color patterns observed in tiger trout. A) Giraffle-like markings of a large tiger trout. Photograph courtesy
Jordan Gillespie; B) An taxidermist's replica of a tiger trout. Photograph courtesy Perma Trophy.
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Figure 16.42 Tiger trout distribution in eastern Washington.
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BULL TROUT
Salvelinus confluentis (Suckley, 1858)
Primary Identification

Confirming Characters

1.

Adipose fin present. Axillary process present at front
end of pelvic fin.

2.

Light spots (creamy orange to red-colored) on dark
background.

3.

Pectoral, pelvic and anal fins with white leading edge,
but no black bar interior to the white edge.

1.

No vermiculations (worm-like marks) on back.

2.

Posterior margin of caudal peduncle square or nearly
so (i.e. shortest caudal ray >3⁄4 the length of longest
caudal ray).

3.

No small crest on vomer.

Figure 16.43 Bull trout, Pend Oreille River, Pend Oreille County, WA.

Similar Species
Similar to three other salmonids that have light spots on dark
background.
1.

2.

3.

Dolly Varden trout are identical to bull trout in external appearance. Bull trout have 26–31 branchiostegal
rays (95% with 26–28). Dolly Varden have 17–23
branchiostegal rays (95% with 21–23).
Brook trout (page 1398) have vermiculations on
back. Their pectoral, pelvic and anal fins lined with
contrasting white and black leading edges. They usually have multicolored white, yellow, orange, red and
blue-haloed spots.
Lake trout are white-spotted, have a faint (translucent) white leading edge on pectoral, pelvic and anal
fins, deeply forked tail (i.e., shortest caudal ray <½
the length of the longest caudal ray).

A fish that looks like a bull trout but with contrasting white
and black leading edges on the pectoral, pelvic and anal fins may
be a bull trout x brook trout hybrid. Also hybrids usually have vermiculations on back like brook trout and spots on their dorsal fin
(Figure 16.44).

Etymology
Salvelinus: An old European name for charr (i.e., salmonid fishes
with light spots on a dark background).
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confluentus: (L.) con- together, -fluent (+)-flowing, -us- latin diminutive suffix. Flowing together or ‘where two waters meet’. In
reference to one of the type specimens being caught at the mouth
of the Puyallup River where it empties into Puget Sound.

Pronunciation
Salvelinus - Săl-vel-î-nus
confluentus - con-flu-ĕn-tűs.

Common Name(s)
Bull trout (AFS name), bull charr or char, Dolly Varden, Dolly
Varden trout or charr or char, interior Dolly Varden, salmon-trout,
red spotted salmon-trout, Pacific red spotted salmon-trout, Pacific
red spotted trout, red spotted Rocky Mountain trout, red-spotted
charr or char, red spotted lake trout (common name employed by
George Suckley 1860: 342 at Pend Oreille Lake, Idaho), western
charr or char, western brook charr or char, Oregon charr, malma
(Siberian native name), golet, Ljay (pronounced tha-lee (Spokane
Indian name) (Ostermann 1995: 35), qaytskst (Colville/Okenogan
Indians, Kennedy and Bouchard 1975), iíslàm (Nez Perce Indians),
Chewagh or Che-wah (Nisqually/Skagit Indian name) (Suckley
1862: 310), aitshst (Kootenai Indian name) (Suckley 1862: 309),
to-oh-odit or to-watl (Puyallup Indian name) (Suckley 1860: 324).
Wye-dar-de’ekit or Wye-dar-deck (Modac/Wynton Indian name
along McCloud River, Sacramento Basin, California, which means
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vermiculations
on back

spotted
dorsal fin

Figure 16.44 Bull trout hybrid Pend Oreille River, Pend Oreille County. Hybrids are identified primarily by the spots on the dorsal fin
and vermiculations on the back. Photograph courtesy of Mark Paluch © 2013, all rights reserved. Inset compares back of a
bull trout (top) to a bull trout x brook trout hybrid (bottom). Hybrid has vermiculations, bull trout with spots.
‘trout of the north’ in reference to its being more abundant in the
Pacific Northwest) (Stone 1874: 203).
The word charr was derived from the celtic (gaelic) word for
blood. It refers to the bellies of males taking on vivid hues of blood
red to bright orange during the spawning season. The term was
first used in 1686 by English naturalist Francis Willoughby in his
Historia Piscium (Morton 1955) to differentiate salmonids that had
light spots on a dark background from those with light spots on
a dark background. He spelled it charr. George Suckley, United
States National Museum, introduced the term to America in his
1874 monograph on the salmon and trout of North America, using
Willoughby’s spelling. This first edition of the American Fisheries
Society’s List of Common and Scientific Names of Fishes from the
United States and Canada used charr (Chute et al. 1948). The name
was shortened to char by the American Fisheries Society in the
second edition of Common and Scientific Names of Fishes from
the United Sates and Canada (Bailey et al. 1960) and has been
employed through the 6th edition (Nelson et al. 2004). However,
standard conventions of English grammar state that when a non
syllabic word is used as a proper name or noun, the final consonant is doubled. See Morton (1955) for more discussion. Although I
continue to use the AFS common name (bull trout) to describe this
species, I believe it would be more appropriate to call it bull charr
in future editions of the AFS fish names book.
The common name bull trout was inspired by its large broad
head, large mouth, prominent jaws and piscivorous diet. The name
was historically used by residents of northeastern Washington,
Idaho Panhandle, western Montana and Kootenai region of British
Columbia to describe fish caught in the Spokane/Coeur d’Alene,
Pend Oreille/Clark Fork/Flathead/Bitterroot/Blackfoot, and
Kootenai River drainage of the upper Columbia River.
The common name Dolly Varden was inspired by a character
from Charles Dicken’s novel Barnaby Rudge who wore brightly colored dresses with red spots. Cloth with Dolly Varden print pattern

became fashionable to wear. The name was suggested by a woman
who operated a hotel at Upper Soda Springs on the McCloud River,
near Mt. Shasta California who had recently purchased cloth with
Dolly Varden print. When she happened to see the fish and called
it a “Dolly Varden,” she was overheard by David Starr Jordan,
who, adopted her suggestion as the common name for the fish.
The name was first applied to bull trout but later became the common name for all western red-spotted trout (northern red spotted
trout being called arctic charr). See interesting accounts in Jordan
(1878: 386), Moyle (1976: 145) and Behnke (2002: 315–316) for additional information about this.

Systematic Notes
The bull trout has received considerable taxonomic scrutiny
(Morton 1955, 1970, 1980; Cavender 1978, 1980, 1984, 1997; Behnke
1972, 1980, 2002; Haas 1988; Grewe et al. 1990; Haas and McPhail
1991; Mongillo 1995). The systematic review of the genus Salvelinus
by Behnke (1980) was particularly illuminating. Brown (1984)
and Mongillo (1993) discussed bull trout taxonomy in the state of
Washington. Morton (1970) and Cavender (1978) gave detailed accounts of the nomenclatural history of bull trout. Until 1980, the
bull trout was classified as an interior variety of the Dolly Varden,
Salvelinus malma (Walbaum, 1792).
The original name given to bull trout from the Dalles of the
Columbia River, Oregon and Bitterroot River, Montana by Girard
(1856:218) was Salmo spectabilis but Suckley (1861: 334) and
(1874:118) noted that the specific epithet was preoccupied and proposed the name Salmo campbelli as a substitute. Suckley (1874: 118)
noted: “Dr. Girard first described this trout, giving it the name Salmo
spectabilis, but which I have been obligated to change, as there had
already been described by Valenciennes, in his Histoire Naturelle
des Poissons, a species under the name Salar spectabilis.”

A. T. Scholz
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In his 1861 publication Suckley described four species (S. bairdii
from the Flathead River, Montana, S. campbelli, S. confluentus from
the Puyallup River, Washington, and S. parkei from the Kootenai
River, Idaho and Montana) that have since been synonymized with
Salvelinus confluentus (Cavender 1978: 145). Cavender concluded
that the name confluentus took precedence over the other three
names because of priority of publication date (1858 compared to
1861). [Suckley (1858: 8) had previously described S. confluentus but
not the others].
In 1878, David Starr Jordan reclassified the charrs under genus Salvelinus and synonymized the bull trout with Dolly Varden,
then called Salmo malma. Both species became Salvelinus malma
Walbaum. This name continued to be used for both species by
Jordan and Gilbert (1883), Jordan and Evermann (1896–1900, 1902)
and Jordan et al. (1930). For a period of 100 years (1878–1978) most
taxonomists employed the scientific name S. malma and the common name Dolly Varden to describe both species. Both species are
similar because they have distinctive red spots.
However, it had long been noticed that the interior and coastal
forms of western red-spotted charr were distinctive. For example,
Girard (1856: 218) in his original description of Salmo spectabilis
stated,
“I am almost certain that there are two species of redspotted trout on the Pacific Coast that are entirely different
from each other…The first species inhabits only the coldest
waters, is not very abundant anywhere, and is not anadromous. The second is not so particular about…temperature…and is unquestionably anadromous.”
Girard noted that the first species inhabited the interior
Columbia Basin whereas the second species was abundant in the
bays and rivers of Puget Sound and in the coastal rivers. Jordan
et al. (1930) classified the coastal and interior forms as subspecies, respectively Salvelinus malma malma and Salvelinus malma
spectabilis. They did not name the interior form Salvelinus malma
confluentus because they were under the mistaken impression that
Suckley’s specimen of Salmo confluentus (No. 1135 in the United
States National Museum) was a Chinook salmon. Cavender (1978)
later re-examined this specimen and classified it as a bull trout.
Based on morphological, morphometric, and meristic characters, Cavender (1978) concluded that the Dolly Varden and bull
trout should be considered distinct species. In particular, the bull
trout was better adapted for piscivory than the Dolly Varden, with
a longer snout (i.e. longer maxilla and mandibles). This makes the
head of a bull trout longer than the head of a Dolly Varden. Heads
from the nape to the tip of the snout of bull trout were >25% of the
standard length whereas heads of Dolly Varden were <25% of the
standard length. Bull trout also had minute denticulations (teeth)
on the mesial side of the gill rakers whereas Dolly Varden lacked
them. The denticulations function to grasp and manipulate prey
fish. Based on Cavender’s work, the American Fisheries Society’s
Committee on Names of Fishes in 1980 officially adopted the scientific name Salvelinus confluentus and common name bull trout for
the species (Robins et al. 1980). Additional morphological, morphometric and meristic (Haas 1988; Haas and McPhail 1991, 2001),
cytogenetic, i.e., chromosome karyotype (Cavender 1984; Phillips
et al. 1989), and molecular genetic (Grewe et al. 1989; Pleyte et al.
1992; Phillips et al. 1994; Leary and Allendorf 1997; Taylor et al.
1999, 2001) evidence confirmed this diagnosis.
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Although no single character can always distinguish bull trout
from Dolly Varden, Haas and McPhail (1991), based on morphometric and meristic analysis of 887 Dolly Varden and 693 bull trout
collected throughout their respective ranges, determined that a suite
of characters (branchiostegal ray number, anal fin ray count and jaw
length) could be combined into a formula that identified them. The
formula was [(0.629 × branchiostegal ray count) + (0.178 × anal fin
ray count) + (37.310 × total jaw length)] ÷ (standard length – 21).
Individuals with values >0 were bull trout. Individuals with values <0 were Dolly Varden (Haas and McPhail 1991). Based on this
formula, Haas and McPhail concluded that both Dolly Varden and
bull trout were found west of the Cascade Range but only bull trout
were found east of the Cascade Range. However, when this formula
was applied to bull trout collected in the Walla Walla/Touchet and
Tucannon river basins in southeastern Washington, 9 of the 80 fish
examined were identified as Dolly Varden (Martin 1992; Martin et
al. 1992) The fish examined in the latter study were otherwise similar
to bull trout (e.g. broad flat head), so perhaps the formula does not
accurately separate bull trout form Dolly Varden 100 percent of the
time. The single best character for separating them was branchiostegal ray count: bull trout had 22–31 (usually 26–31 and mean count of
27) whereas Dolly Varden had 12–25 (usually 17–23 and mean count
of 21 or 22) (Morton 1980; Haas and McPhail 1991). Branchiostegal
counts could be used to identify bull trout and Dolly Varden with
90% accuracy without killing the fish (Morton 1980).
Sir John Richardson (1836) in his Fauna Borealis-Americana
first used Salvelinus as a generic name to separate salmonids that
had light spots on a dark background from those with dark spots
on a light background. Salvelinus had relatively small scales (190–
250 in the lateral line row), which were deeply embedded in the
skin. Other salmonids had fewer than 150 scales in the later line
row, which were not so deeply embedded (Jordan 1878; Cavender
1978, 1980). A third distinction was the absence of teeth on the
shaft of the vomer, a tooth bearing bone that runs down the center
of the roof of the mouth. In most salmonids, the vomer had teeth
on both the head and shaft of the bone but in Salvelinus only the
head had teeth (Jordan 1878). Moreover, in most salmonids the
head was long and thin like a viking long boat but in Salvelinus the
head was short, and depressed (Jordan 1878).
Günther (1866), in Volume 6 of his Catalogue of the Fishes of the
British Museum, relegated Salvelinus to a subgenus within Salmo.
George Suckley, the first North American salmonid guru also
placed the charrs in the genus Salmo. David Starr Jordan (1878)
reclassified North American charrs under the genus Salvelinus for
the reasons outlined above and the name stuck.
Shapes of certain bones that comprise the skull are the principle
characters used to distinguish the species of the genus Salvelinus
(Morton and Miller 1954; Vladykov 1954; Cavender 1978, 1980;
Behnke 1980). These characters are not useful for field identification because they require killing the fish.
Table 16.90 compares counts of meristic characters of bull trout,
Dolly Varden, brook trout and lake trout, (compiled from data in
Vladykov 1954; Scott and Crossman 1973; Behnke 1980; Cavender
1978, 1980; Morton 1980; and Haas and McPhail 1991).
Behnke (1972, 1980) recognized three evolutionary lines of
charrs in North America that he classified as subgenera of the
genus Salvelinus. Behnke (1980) placed the bull trout and Dolly
Varden in the subgenus (Salvelinus) i.e., Salvelinus (Salvelinus) confluentus and Salvelinus (Salvelinus) malma along with arctic charr
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Salvelinus (Salvelinus) alpinus. He placed the brook trout in the
subgenus Baione i.e., Salvelinus (Baione) fontinalis and lake trout in
the subgenus Cristovomer i.e., Salvelinus (Cristivomer) namaycush.
Members of the subgenus Salvelinus are difficult to distinguish
from one another, which has resulted in complicated taxonomic
history. In taxonomic/systematic literature these species are often
simply called the Salvelinus complex to emphasize their similarity
(Vladykov 1954; McPhail 1961; McPhail and Lindsay 1970; Qadri
1974; Behnke 1980). They are generally distributed around the
North Pacific Rim from Japan to California and are circumpolar
in the Bering Sea and Arctic Ocean. They survived the Ice Ages in
the Bering, Pacific and Columbia River glacial refugia. In particular, Behnke (1980) thought that the bull trout had dispersed along
freshwater routes from the Columbia Basin south westward into
the Sacramento and Klamath river drainages, northwestward into
the Peace, Yukon and McKenzie River drainage and northeast into
the Arkansas, Saskatchewan and Missouri river drainage.
I believe that bull trout in the Columbia Basin survived the Ice Age
in a refuge in Glacial Lake Missoula and were dispersed from there
throughout the Columbia Basin by the Lake Missoula floods. One
reason I believe this likely is becasuse the ancestor of the bull trout
†Salevenlinus larsoni occupied an ancient lake (Clarkia Lake) near
St. Maries, Idaho during the Miocene (Smith and Elder 1985). Later,
as the ice retracted in the North, they dispersed into the Arkansas,
Peace, Saskatchewan, and Missouri River drainages. Behnke (1980)
also hypothesized that Dolly Varden and bull trout populations
in coastal streams from Washington’s Olympic Peninsula north to
Skeena River, British Columbia, including those found in the Fraser
River and tributaries of Puget Sound, may have survived glacial advances in the Pacific refugium and dispersed along marine routes.
In contrast, members of the subgenera Baione and Cristivomer
were each composed of only extant species that were easily distinguished. Both taxa were indigenous to northeastern North
America. Behnke (1980) speculated that they diverged in the
Pliocene to occupy different ecological niches. Brook trout (Baione)
became a stream dwelling generalist that consumed primarily
aquatic insects. Lake trout (Cristivomer) became large lacustrine
piscivores that occupied deep, cold, meso-oligotrophic or oligotrophic lakes. Brook trout survived the Ice Ages in the Atlantic refugium (mid Atlantic states) and advanced northward by saltwater
routes to occupy coastal streams in New England, the Canadian
Maritime Provinces, and southern Labrador. Lake trout survived
the Ice Ages in the Great Lakes refugia and spread northward along
interior waterways to occupy the Canadian Shield.
Genetic studies have generally confirmed the conclusions of
the systematic investigation of bull trout. Leary and Allendorf
(1997) obtained genetic confirmation of sympatric bull trout and
Dolly Varden in western Washington. Fixed genetic differences
occurred in five of 47 protein-coding loci in bull trout and Dolly
Varden populations from streams in Puget Sound and the Olympic
Peninsula. No evidence of hybridization or introgression was
found, even in streams occupied by both species. More recent genetic evidence (Taylor et al. 1999, 2001) found diagnostic alleles
that separated the two species in regions of sympatry; however,
evidence of hybridization over much of their range was detected.
Taylor et al. (1999, 2001), based on mtDNA analysis, confirmed that
bull trout west of the Cascade Mountains could be distinguished
from those of the interior east of these mountains, which suggested
that bull trout may have survived glaciation in two refuges; one

Table 16.90

Comparison of average number (range) in meristic
characters in brook trout, bull trout, Dolly Varden
and lake trout.
Average (range)
brook
trout

bull
trout

Dolly
Varden

Lake
trout

Branchiostegal rays

23
(20–25)

27
(24–31)

23
(17–25)

27
(23–29)

gill rakers

18
(13–22)

17
(14–20)

22
(19–24)

20
(16–26)

pyloric caeca
(Ave #)

38
(23–55)

28
(21–36)

23, 27
(13–34),
(18–39)

120–160
(81–208)

-

16
(12–19)

12
(10–15)

-

Character

Submandibular
pores (Ave #)

along the coast, the other in the interior Columbia Basin. No identification of Dolly Varden was made in samples of fish collected
from interior drainages.
Williams et al. (1997) examined mitochondrial DNA (mtDNA)
variation in 17 populations of bull trout from Idaho (n = 7), Oregon
(n = 8) and Washington (n = 2) in the Columbia and Klamath river
basins. Their results suggested that genetic variation in bull trout
is geographically structured into four distinctive units: 1) Klamath;
2) Lower Columbia (downstream of John Day Dam); 3) Middle
Columbia (including tributaries of the Columbia between John
Day and Grand Coulee Dams and tributaries of the Snake River);
and 4) upper Columbia (above Grand Coulee Dam, including the
Pend Oreille/Clark Fork and Spokane/Coeur d’Alene rivers.
In the Klamath and lower Columbia, individuals within local
populations exhibited low within mtDNA variation. The Klamath
populations and lower Columbia River populations were separated
from the Middle Columbia populations, and from each other, by
the presence of single diagnostic haplotypes in each tributary
population. Most populations (7 of 13) in the mid Columbia (and
Snake) tributaries shared a common haplotype that was the only
or most common haplotype in these populations. The remainder
of the mid-Columbia (and Snake) populations were characterized
by a low number (usually 1–2) of other haplotypes.
In contrast, the three upper Columbia populations, one from
the Clark Fork River, another from a tributary of Pend Oreille Lake
(both in Pend Oreille River Basin), and a third from a tributary of
the St. Joe River, (Spokane River Basin), contained a low frequency
of the common mid-Columbia haplotype and were represented
by a large number of haplotypes (usually 3–5) that were unique
to each tributary. These findings suggested that bull trout populations in the Pend Oreille/Spokane basins contain “a substantial
[amount] of the remaining natural genetic diversity in the bull trout
species” (Williams et al. 1997). These results are also consistent with
the speculation that the Pend Oreille/Clark Fork Basin may represent the remnant of the glacial refuge population of bull trout.
Assuming these inferences are correct, they elevate the importance
of protecting bull trout in the Pend Oreille/Clark Fork Basin.
Bull trout (S. confluentus) and Dolly Varden (S. malma) occur
sympatrically in western Washington but genetic studies revealed
that they rarely hybridize, even when they spawn in the same stream
(Leary and Allendorf 1997). However, in the interior Columbia
River Basin, hybridization with brook trout (S. fontinalis) has been
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Table 16.91

Comparison of morphological and meristic characters of bull trout, brook trout and hybrids.
Mean number (range)

Unfortunately, owing to habitat destruction, many bull trout
populations presently have low population numbers, so they are
potentially vulnerable to hybridization. Kanda et al. (2002) reported that, based upon examination of their mtDNA, 32 percent
of the bull trout (n = 335) from the Bitterroot, Flathead and Swan
river drainage, Montana were hybrids. Approximately 75 percent
of the hybrids were first generation (F₁) males and the remainder
were second generation (F₂) hybrids that had backcrossed with
parental species. Thus, this study indicated that some bull trout x
brook trout hybrids are capable of reproduction. However, either
reduced fertility or poor survival of the F₁ offspring prevented hybrid swarms from developing in these streams (Kanda et al. 2002).

Character

brook trout

hybrid

bull trout

pectoral, pelvic
anal fins

white margin
w/ interior
black bar

white margin/interior
black bar

white margin

vermiculations

present

usually
present

absent

Pectoral rays

27

27–28

27

Pelvic rays

17

18

18

Dorsal rays

14

14

13

Scientific Synonyms

Anal rays

12

12

12

Salmo confluentus orginal description.

22 (19–24)

25 (23–27)

25 (22–28)

36

36

33

33 (28–40)

35 (31–39)

23 (18–26)

Branchiostegal rays
Gill rakers
Pyloric cecae

documented (Cavender 1978; Leary et al. 1983; Markle 1992; Nelson
and Paetz 1992; Kitano et al. 1994; McPhail and Taylor 1995).
It is difficult to visually detect hybrids because their meristic
characters are not always intermediate between bull trout and
brook trout (Leary et al. 1983) (Table 16.91).
Brook trout all have vermiculations (worm-like markings) on their
backs, whereas bull trout have only spots on their backs. Hybrids usually have some vermiculations present on their back but not as well
developed as they are on brook trout. Bull trout have white margins on
their pectoral, pelvic and anal fins. They also have a black bar interior
to the white margin. Hybrids are more similar to brook trout than bull
trout except the black bar is not quite as distinct as it is on brook trout.
If hybrids are fertile and capable of back crossing with bull
trout, introgression (fusion of the brook trout genome with the
bull trout genome) could potentially occur. Such populations are
called “hybrid swarms” because they contain the two parent species plus F₁ hybrids, plus individuals resulting from F₁ hybrids that
have back crossed with either parent species, plus individuals from
later familial generations in various stages of hybridization. This is
a matter of concern because brook trout survive in degraded habitat better than bull trout. In many areas of the Pacific Northwest
where brook trout were introduced their populations are thriving
whereas native bull trout are in decline. Hence, ‘genetic swamping’
of the few remaining bull trout by the more abundant brook trout
may result, which could lead to loss of local adaptations inherent
in that stock of bull trout.
However, it is not certain that bull trout x brook trout hybrids
are fertile. Most bull trout x brook trout observed by Leary et al.
(1983) were males and there was some indication that hybrids were
sterile (Goetz 1989; McPhail and Baxter 1996). If so, occasional hybrids probably do not represent a threat to the continued existence
of locally adapted bull trout genomes, except in small, isolated populations of bull trout where the number of individuals in the population is 50 or less. In this case, even small numbers of hybrids could
further reduce the effective population size of the bull trout and
result in loss of locally adapted alleles via processes associated with
small population size such as genetic bottlenecks or genetic drift. In
such instances the brook trout or hybrids may replace the bull trout.
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Suckley (1859: 8). USNM Type Specimen No 1135 collected
from mouth of Puyallup River, WA. (Renamed–see taxonomic
notes.)

Salmo confluentus Suckley

Suckley (1861: 334); Suckley (1874: 109)

Salvelinus confluentus (Suckley, 1859)

Cavender (1978: 145); Hubbs et al. (1979: 7); Robins et al.
(1991: 28); Mecklenburg et al. (2002: 201); Nelson et al.
(2004: 86); Scholz and McLellan (2009: 199; 2010: 451).

Salvelinus confluentus (Suckley)

Behnke (1980: 467); Cavender (1980: 295); Robins et al. (1980: 19);
Nelson and Paetz (1992: 279); Wydoski and Whitney (2003: 94).

Salvelinus (Salvelinus) confluentus (Suckley 1858)
Mecklenburg et al. (2003: 201)

Salvelinus confluentus

McPhail and Lindsay (1970: 149); Lee et al. (1980: 113);
Eschmeyer et al. (1983: 79); McGinnis (1984: 131); Page and Burr
(1991: 50); Holton and Johnson (1996: 66); Behnke (2002: 293).

Salmo spectabilis sp. nov.

Girard (1856: 218). Original description based on specimens
collected at the Dalles of the Columbia River and Bitterroot
River, MT.

Salmo spectabilis Girard

Girard (1858: 207); Suckley (1860: 342); Jordan (1880: 360);
Hildebrand (1949: 10).

Salvelinus spectabilis (Girard)

Jordan (1878: 79); Jordan (1923: 85); Snyder (1940: 99,136).

Salvelinus spectabilis

Jordan (1878: 360); Locke (1929: 189).

Salmo malma Walbaum.
Garman (1885: 18).

Salvelinus malma (Walbaum, 1792)
Hart (1973: 134).

Salvelinus malma (Walbaum)

Jordan and Gilbert (1881: 457); Bendire (1882: 86)~ from Coeur
d’Alene Lake, ID; Evermann (1893: 50) ~ throughout western
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Montana (in Big Blackfoot, Bitterroot, and Clark Fork rivers)
and in Pend Oreille Lake, ID; Jordan and Gilbert (1883: 319);
Gilbert and Evermann (1895: 201) ~ Pend Oreille River, WA,
Pend Oreille Lake, ID, Clark Fork and Flathead River, Montana
and Naches River (Yakima Basin), WA; Jordan and Evermann
(1896–1900: 507); Jordan and Evermann (1902: 114); Fowler
(1911: 54); Fowler (1923: 280); Dymond (1976: 63) ~from
Upper Columbia River, BC; Chute et al. (1948: 12); Bailey et al.
(1960: 12); La Rivers (1962: 272); Bailey et al. (1970: 17); McPhail
and Lindsay (1970: 149); Morton (1970: 581); Paetz and Nelson
(1970: 83); Michaelis (1972: 17) from Touchet River, WA; Scott
and Crossman (1973: 214); Morrow (1974: 41); Wydoski and
Whitney (1979: 51); Morrow (1980: 20); La Rivers (1994: 272);
Scott and Crossman (1998: 214).

Salvelinus malma

Bean (1882: 312); Evermann (1891: 50); Dymond (1932: 37); Carl
et al. (1959: 61); Roosefell (1962: 265); Earnest et al. (1966: 8)
from Lake Roosevelt, WA; Patten et al. (1970: 6) from mainstem and tributaries of Yakima River, WA; Maughan (1976: 79)
from Clearwater River, ID; D.W. Kelly & Associates (1982: 76)
from Tucannon River, WA; Gray and Dauble (1977: 212) from
Hanford Reach, Columbia River.

Salvelinus malma spectabilis (Girard)

Jordan et al. (1930: 61); Schultz (1931:16, 1936: 139) ~from
Columbia River Basin in Washington and Oregon; Schultz and
DeLacy (1935/1936: 374).

Salmo parkei sp. nov.

Suckley (1861: 310) ~from Kootenai River, ID.

Salmo parkei Suckley
Suckley (1862: 304)

Salvelinus parkei (Suckley)

Suckley (1874: 149); Evermann (1899: 371); Henshall (1906: 4)
~western Montana; Jordan and Evermann (1908: 210); Jordan,
Evermann and Clark (1930: 61).

Salvelinus parkei

Evermann (1899: 371) ~described as “abundant” in Lake
Chelan, WA; Jordan and Evermann (1902: 210): Keil (1928: 19)
~ throughout ID except for SE corner above Shoshone Falls on
Snake River.

Salvelinus malma parkei (Suckley)

Schultz (1929: Mimeo report un-paginated).

Salvelinus parkii Suckley

Whitehorse (1919: 52) ~from Kootenay Lake, Columbia River
Basin, BC and Red Deer River, Missouri River Basin, AL.

Salmo parkii Suckley

Günther (1866: 121) spelled –ii instead of –ei; Hallock (1877: 347)
~from Kootenai River, MT; Jordan (1880: 360).

Salmo campbelli sp. nov.

Suckley (1861:313) ~proposed replacement for Salmo spectablilis
Girard owing to Girard’s name being pre-occupied.

Salmo campbelli Suckley

Günther (1866: 148); Suckley (1874: 118); Hallock (1877: 349).

Salmo bairdii sp. nov.

Suckley (1861: 309) ~from Flathead River, MT.

Salmo bairdii Suckley

Suckley (1862: 309) ~Clark Fork River, MT; Hallock (1877: 347)
Clark Fork River, MT.

Salmo bairdii

Jordan (1878: 82).

Salmo tudes sp. nov.

Cope (1873: 24) western Montana.

Salvelinus sp. (Interior Dolly Varden)
Moyle (1976: 144).

Salvelinus alpinus malma

Carl and Clemens (1948: 63) ~Interior British Columbia.

Fario lordii sp. nov.

Günther (1866: 148) ~Skagit River, WA.

Fario lordii Günther

Lord (1867: 338) tributaries of Fraser River above barrier falls,
along divide that separated Fraser and Columbia Rivers.

Distribution and Stock Status
The bull trout, Salvelinus confluentus (Suckley, 1858) is a native
charr of northwestern North America with distribution centered
in the Columbia River and Fraser basins. In his systematic review
of the genus Salvelinus, Behnke (1980) concluded that the probable
center of origin of the bull trout was the Columbia River Basin.
The oldest Salvelinus (initially identified as Hucho) fossil in North
America was a complete, 668 mm TL, individual recorded from
the Miocene Latah Formation at Clarkia Lake (Smith and Miller
1985). Clarkia Lake was formed when a tongue (dike) of basalt lava
impounded the St. Maries River, a tributary of the St. Joe River
near its confluence with Coeur d’Alene Lake, Spokane River Basin,
Idaho 14–16 million years before present (MYBP).
Another large Salvelinus species, was discovered in MiocenePliocene Lake Idaho, Snake River Basin. The fish was present in the
Deer Butte (Kimmel 1975) and Glenns Ferry Formations (Smith
1975; Smith et al. 1982), which are remnants of different stages
of Lake Idaho, respectively 2–3.2 MYBP and 6–9 MYBP. The fish,
named †Paleolox larsoni Kimmel 1975, had jaws 150 mm long and
total length of 1,200 mm. Smith et al. (1982) noted that certain diagnostic bones of †P. larsoni were identical to those of modern bull
trout but implied no continuity between the two. Later, Stearly and
Smith (1992) thought that †P. larsoni represented either a lineage
that gave rise to modern Pacific charr or an evolutionary dead end
in that line. Upon further reflection, Smith decided it was more
appropriate to classify both the Hucho from the Clarkia fossil beds
and †P. larsoni from the Lake Idaho fossil beds in the Salvelinus
clade (G.R. Smith, University of Michigan, Department of
Vertebrate Paleontology, Ann Arbor, Michigan, 2004, pers. comm.
to A.T. Scholz, Eastern Washington University, Department of
Biology, Cheney, Washington).
Bull trout were thought to have survived the Ice Ages at glacial
refugia in the Columbia Basin and have expanded their populations
westward and northward during the last 10,000 years (Cavender
1978; Behnke 1980; Costello et al. 2003). Following retreat of the
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Cordilleran Ice Sheet in late-Wisconsin times, headwater transfers
by stream capture enabled bull trout to cross the continental divide
to become distributed in the Saskatchewan, Athabasca and Peace
river systems. Another possibility is that bull trout survived in glacial Lake Missoula and was transported throughout the Columbia
Basin by ice age floods.
Bull trout distribution data were compiled from C.J.D. Brown
(1971), Cavender (1978, 1980), Wydoski and Whitney (1979, 2002),
Behnke (1980, 2002) Simpson and Wallace (1982), Goetz (1989), L.
Brown (1992), Nelson and Paetz (1992), Mongillo (1993), Haas and
McPhail (1991), McPhail and Baxter (1996), Rieman et al. (1997),
Thurow et al. (1997), WDFW (1998) and Scholz et al. (2005).
Bull trout occur from approximately 41–60°N latitude, i.e.,
from the California/Oregon border to the British Columbia/Yukon
border. Resident and anadromous populations are found in coastal
rivers from the mouth of the Columbia River to southeast Alaska,
where they overlap (and are sometimes confused with) Dolly
Varden (Salvelinus malma). Bull trout do not occur on offshore
islands in southeast Alaska, British Columbia or Washington, but
Dolly Varden do occur on these islands. Neither bull trout nor
Dolly Varden are found in coastal streams of Oregon or California;
Dolly Varden distribution does not extend south of Puget Sound.
Dolly Varden are found along the entire length of the Pacific Coast,
from Puget Sound north to the Aleutian Islands, and along the
Bering Sea and Arctic Ocean coasts of Alaska to the McKenzie
River Delta in the Yukon. Bull trout do not occur north of Juneau,
Alaska. Resident, fluvial and adfluvial populations of bull trout are
distributed widely in the interior between the coastal mountains
and the Rocky Mountains in the Sacramento, Klamath, Columbia,
Fraser, Skeena and Stikine river drainages. Dolly Varden penetrate
inland only in the Stikine and Skeena basins in northern British
Columbia. Bull trout also occur east of the Continental Divide
in the upper Missouri, Saskatchewan, Athabasca and Peace River
drainages. Dolly Varden do not occur in these drainages.
Haas and McPhail (1991) classified all of the fish (n = 46) they
examined from the Columbia River Basin above Bonneville Dam
as bull trout based on morphometric and meristic characters.
Genetic data obtained from allozymes (Leary and Allendorf 1997)
and mitochondrial mtDNA (Taylor et al. 1999, 2001) have confirmed
that bull trout and Dolly Varden are sympatric in Puget Sound and
along the British Columbia coast, and will occasionally interbreed
to form hybrids, but only bull trout appear to be present in the
Columbia River drainage above Bonneville Dam and in the Fraser
River drainage above Hells Gate.
Bull trout are presently distributed throughout most of Alberta,
British Columbia, Idaho, western Montana and Washington. The
southernmost populations once occurred in the McCloud and Pitt
Rivers, headwater tributaries of Sacramento River near Mt. Shasta,
California. Both populations became extinct after construction of
Shasta Dam (in 1941) blocked runs of anadromous salmon and
steelhead that were their main source of food, and introduced
brown trout and brook trout outcompeted them for the remaining food supply (Behnke 2002). Another southern population occurs in the Jarbridge River Basin, Nevada, about 8 km (4.5 miles)
south of the Idaho/Nevada border (Miller and Morton 1952). The
Jarbridge is a tributary of the Bruneau River, which joins the Snake
River in southeastern Idaho.
Bull trout occur at locations where temperatures are in their
preferred range (10–12°C, 50–54°F), and summer maximum tem1382

peratures do not exceed 15–16°C (59–63°F). Activities such as clear
cut logging and livestock grazing were destructive of bull trout
habitat because such activities destroyed vegetative cover in riparian zones that shaded the streams and kept them cool (Behnke
2002). Hence, many tributaries formerly occupied by bull trout are
now inhospitable and their distribution has been reduced considerably from their historic range (Rieman and McIntyre 1993, 1995;
Rieman et al. 1997; Thurow et al. 1997; WDFW 1998; Baxter et al.
1999). Additionally, fragmentation of their habitat by hydroelectric and irrigation dams without fish ladders has prevented many
fluvial and adfluvial stocks from successfully completing their migratory life cycles (Rieman and McIntyre 1993, 1995; Rieman et al.
1997; Epifanio et al. 2003).
Bull trout are also vulnerable to angling and were historically
overharvested by sport anglers. For example, in 1991 spawning
escapement of adfluvial bull trout into tributaries of Pend Oreille
Lake, was estimated at 931–1,354 individuals that constructed 423
redds (Pratt and Huston 1993). During the same year anglers harvested (±95% CI) 1,700 (±900) bull trout in Pend Oreille Lake (Pratt
and Huston 1993). Thus, the total bull trout run size ranged from
about 1,731 to 3,954 individuals and anglers harvested 27–65% of the
population. Although IDFG had closed bull trout harvest in tributaries to protect spawning populations, Pratt (1985) determined that
annual mortality of bull trout ages 4–6 ranged between 47–82%, of
which illegal harvest in spawning tributaries was a major part.
Thus, destruction and fragmentation of bull trout habitat and
historically poor harvest management have combined to depress
bull trout populations throughout most of their range, resulting
in them being listed as threatened species under the Endangered
Species Act (ESA). All Columbia River (including all Columbia
tributaries) populations in Washington, Idaho, Montana and
Oregon are currently (2013) listed.
Figure 16.45 shows the distribution of bull trout in eastern
Washington. Harvest management has not contributed to bull
trout declines for the past decade because state fisheries agencies had prohibited angler harvest by 1996 in anticipation of the
ESA listing. [The Washington Wildlife Commission had actually
restricted harvest of bull trout commencing in 1992; their regulations prohibited recreational harvest of bull trout throughout eastern Washington (Mongillo 1993). Idaho followed in 1996.]
Harvest closures had an immediate effect on increasing bull
trout escapement into spawning streams. For example, in the
nine years preceding prohibition of harvest in Pend Oreille Lake
(1987–1995), the average (range) in minimum spawning escapement into tributaries of Pend Oreille Lake was 1,108 (704–1,443)
bull trout. For comparison, in the nine years following the closure
(1996–2004), average (range) in minimum spawning escapement
was 1,606 (1,159–1,932) bull trout. Even so, this amounted to an
increase from an average of about 61 fish (pre-closure) to an average of about 89 fish (post closure) entering each of the 18 known
spawning tributaries at Pend Oreille Lake. Average minimum escapement into individual spawning tributaries ranged from 3 to
615 fish. These data indicated that bull trout populations are far
from healthy in the Pend Oreille Lake Basin. At one time, in the
nine years period between 1951 and 1959, angler harvest in Pend
Oreille Lake averaged (ranged) 2,791 (1,348–5,035) bull trout per
year. To restore bull trout populations to sizes that could support
even half this level of harvest will now require a commitment to restore degraded habitat, restrict future land management practices
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that would result in further habitat degradation, and restore fish
passage blocked by dams.
Redd counts similarly increased after prohibition of harvest in
the Yakima, Wenatchee, Entiat, Methow, Walla Walla and Touchet
Basins in Washington, and in the Flathead, Clark Fork and Big
Blackfoot Basins in Montana.
In eastern Washington, bull trout occur throughout the
Columbia mainstem. They are relatively common between
Wanapum and Wells Dams but exceedingly rare in the mainstem
above and below those dams as illustrated by comparing counts of
bull trout passing up or down fish ladders. Total numbers of bull
trout recorded passing ladders at the four lower Columbia Dams
between 2001 and 2004 were: Bonneville Dam (RKM 234) = 0; The
Dalles Dam (RKM 272) = 0; John Day (RKM 345) = 0; McNary Dam
(RKM 467) = 1 bull trout. Gray and Dauble (1977) collected bull
trout from the free flowing Hanford Reach (RKM 557–613) above
the head of the McNary Reservoir but did not report the num-

ber. Total counts of bull trout passing ladders at the four mid-Columbia Dams between 1998 and 2004 were: Wanapum Dam (RKM
657) = no counts available; Rock Island Dam (RKM 725) = 606 bull
trout; Rocky Reach Dam (RKM 758) = 1,220 bull trout; Wells Dam
(RKM 825) = 886 bull trout.
The upper Columbia Dams, Chief Joseph (RKM 872) and Grand
Coulee (RKM 955) do not have ladders. However, few bull trout
have been captured in those reservoirs in recent years. For example, in Lake Roosevelt, (the reservoir impounded by Grand Coulee
Dam), of 128,899 fish sampled during electrofishing (n = 5,992 tenminute transects totaling 998.6 hours) and gill net (n = 2,071 sets)
surveys conducted between 1988 and 2002 only 12 were bull trout
(Peone et al. 1991; Griffith and Scholz 1991; Thatcher et al. 1993,
1996; Griffith et al. 1995; Griffith and McDowell 1996; Underwood
and Shields 1996 & 1997; Underwood et al. 1996; Scholz 1996,1997;
Chichosz et al. 1997, 1999; LeClaire 2000; McLellan et al. 1998,1999,
2001a, 2001b, 2002, 2003a, 2003b; Baldwin et al. 1999; Miller 2001;
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Baldwin and Polacek 2002). Creel surveys were conducted at
Lake Roosevelt in 1980, 1982 and from 1988 to 1998. Collectively,
it was estimated that 2,983,292 anglers fished 12,182,645 hours to
catch 7,716,767 fish (included fish harvested plus fish caught and
released). No bull trout were recorded in these surveys.
Bull trout were historically more abundant in Lake Roosevelt
and contributed to the sport fishery there (Gangmark and Fulton
1948). Earnest et al. (1966) caught four bull trout in a sample of 1,346
fish collected by 82 gill net sets in 1963. Their abundance gradually
declined so that by 1980–1983 none were reported in either fisheries or creel surveys conducted by the U.S. Fish and Wildlife Service
(Harper et al. 1991; Nigro et al. 1982, 1983; Beckman et al. 1985).
Nine of the 12 bull trout observed from 1988–2002 were captured
during or after 1997, which was the second highest discharge year
on record for the Columbia River. These data lead me to suspect
that bull trout are not currently reproducing in Lake Roosevelt
or its tributaries; instead it is likely that they are washing downstream from areas where they are still relatively abundant (e.g.,
Pend Oreille Lake, Arrow Lakes, Coeur d’Alene Lake) during high
flows. They are unable to return to these locations because dams
without fish ladders block their path. Waneta Dam at the mouth of
the Pend Oreille River prevents return to Pend Oreille Lake. Hugh
Keenleyside Dam on the Columbia River in British Columbia prevents return to Arrow Lakes. Little Falls Dam on the Spokane River
prevents return to Coeur d’Alene Lake.
In contrast, the mid-Columbia dams did not appear to be a
major impediment to movements of bull trout tracked with radiotransmitters (Bioanalysts, Inc. 2004). (See Behavior and Ecology,
page 1166, for details.) Bull trout seemed to pass easily in both
upstream and downstream directions through the fish ladder of
the mid-Columbia mainstem. Extensive movements were the rule,
not the exception, for all of the bull trout tracked in the mid-Columbia. Thus, this investigation provided a hint about the movements that bull trout are capable of if adequate passage facilities are
provided for them at dams.
Mean daily temperatures in the mainstem Columbia River
varied from 5.4–19.6°C when bull trout migrated into tributaries. Tributary temperatures were slightly cooler, ranging from
7.5–17.2°C. Most bull trout (92%) entered tributaries before the
Columbia River temperature reached 15°C (BioAnalysts, Inc.
2004).
Bull trout are rare in the Snake River mainstem. From 2001 to
2004 no bull trout were counted in the fish ladders at Ice Harbor
Dam. No bull trout were sampled during fish surveys conducted
at the four lower Snake River reservoirs (Ice Harbor, Lower
Monumental, Little Goose and Lower Granite) from April 1979 to
November 1980 (Bennett et al. 1983). During these surveys a variety
of techniques (electrofishing, gill nets, trap nets and beach seines)
were employed to capture fish. Little Goose Reservoir was sampled
monthly and the other reservoirs were sampled seasonally. A total
of 52,259 fish was sampled during the survey (3,869 at Ice Harbor,
4,702 at Lower Monumental, 40,598 at Little Goose, and 3,090 at
Lower Granite) but no bull trout were caught (Bennett et al. 1983).
Creel surveys were conducted at Little Goose Reservoir in 1979
and 1980 (Bennett et al. 1983). During 1979, anglers fished an estimated 45,752 hours to harvest 23,961 fish, none of which were bull
trout. During 1980, anglers fished 79,605 hours to harvest 40,915
fish but no bull trout. Electrofishing surveys conducted in 2011 in
the Lower Snake Reservoirs proudced the following counts of bull
1384

trout among total fish collected: Ice Harbor Reservoir (0 of 1,658),
Lower Monumental Reservoir (1 of 402), Little Goose Reservoir
(0 of 850) and Lower Granite Reservoir (0 of 3,231). The bull trout
captured in Lower Mom Monumental Resrvoir was taken near the
mouth of the Tucannan River (Arntzen et al. 2012; Sontag 2013).
Bull trout in eastern Washington have a patchy distribution,
which is subdivided into “core” areas where bull trout are routinely
found, separated by intervening stretches of river where few bull
trout are found. These core areas include the Pend Oreille Basin,
the Upper Spokane/Coeur d’Alene Basin, the mid-Columbia (includes Wenatchee, Entiat, and Methow Basins), Yakima Basin,
Walla Walla Basin, Klickitat/White Salmon Basins, Lewis River
Basin, Grande Rhonde Basin, Asotin Creek and Tucannon Basin.
Within a core area bull trout may wonder extensively if their
habitat is not fragmented by dams without fish ladders, as was
indicated by the radio telemetry studies on the bull trout from
the mid-Columbia core area described above. Individual populations (stocks) within each core area are probably genetically isolated from one another by precise reproductive homing. However
some are known to stray indicating that some genetic admixture of
populations is possible within a core area. Hence, the population
structure of bull trout within a core area may be best described as
a metapopulation (Rieman and Dunham 2000). In contrast, there
seems to be relatively little genetic exchange between core areas.
Instead each core area seems to be isolated by long segments of
river that are not frequented by bull trout.
It is possible that northern pikeminnow may partly regulate
bull trout survival in regions of reduced abundance. Northern
pikeminnow are known to congregate in the tailraces of dams to
prey on salmonids. In a sense this behavior is analogous to the behavior of macrophages (the pikeminnow) in the lymphatic system
(Columbia Basin), which hang out at lymph nodes (dams) waiting for foreign objects (salmonids) to pass from lymphatic ducts
(the river) to the lymph node where they engulf them (salmonid in
pikeminnow stomach).
Bull trout are rare or absent in Lake Roosevelt and in the
Colville, Kettle, Spokane, Sanpoil, Nespelem and Okanogan rivers.
This region isolates bull trout found in the Pend Oreille and Upper
Spokane/Coeur d’Alene core areas from each other, and from those
of the mid Columbia core area. Bull trout are scarce in Priest Rapids
Reservoir and Hanford Reach, which separates the mid Columbia
and Yakima core areas. The number of bull trout counted at the
Priest Rapids fish ladder was about two per decade. For example,
in 1992, only one bull trout was counted in the ladder at Priest
Rapids Dam (Cummins and Anderson 1995). Few bull trout have
been observed in McNary Reservoir between the confluences of
the Yakima River and Walla Walla rivers, which isolates the Yakima
core area from the Walla Walla core area. One bull trout was
counted at McNary Dam in 1992 (Cummins and Anderson 1995)
and only one bull trout was observed passing through the fish ladder there from 2000–2004. Similarly, observations of bull trout in
fish ladders at Bonneville, the Dalles and John Day Dams are rare
events (L. Basham, Columbia River Fish Passage Center, Portland,
Oregon, pers. comm. 2005), suggesting that the Klickitat/White
Salmon core area is isolated from the Walla Walla core areas by the
mainstem reservoirs behind these dams.
Three tributaries (Little White Salmon River, Wind River and
Rock Creek in Skamania County) enter Bonneville Reservoir
downstream from the White Salmon River. Although there are
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historical records of bull trout in each of these tributaries, Byrne
et al. (2001) did not catch any in surveys that were specifically designed to detect bull trout. The bull trout is a fugitive species that
hides behind large woody debris and in rock crevices during the
day but comes out at night to feed. Their association with cover
makes them difficult to see during daytime snorkeling. They are so
tenacious in seeking cover that even daytime backpack electrofishing does not guarantee success in capturing them. The preferred
method for detecting bull trout presence is to illuminate them in
beams of underwater lights during nighttime snorkeling surveys
(Goetz 1989; Bonar et al. 1997). Byrne et al. (2001) employed a combination of nighttime snorkeling and daytime backpack electrofishing during their survey. In the Wind River basin salmon migration traps were monitored on the Little Wind River, Trapper Creek
and Panther Creek since 1995, and on the mainstem since 1998. No
bull trout were collected (Byrne et al. 2001).
Bull trout abundance in the Columbia mainstem below
Bonneville Dam is poorly documented but, apparently, few are
caught in either the commercial or sport fisheries prosecuted in
that reach. A bull trout traversed the fish ladder at Bonneville
Dam in 1947 (Byrne et al. 2001). Another was recorded in 2005 (L.
Basham, Columbia River Fish Passage Center, Portland, Oregon,
pers. comm.). These data are also suggestive that few bull trout
utilize the Columbia mainstem below Bonneville. The Columbia
mainstem separates the Klickitat/White Salmon core area from the
Lewis River core area.
Within the Lewis River core area adfluvial stocks of bull trout
occupy Yale, Swift and Merwin Reservoirs (WDFW 1998; Byrne et
al. 2001). Those in Yale Reservoir spawn in Cougar Creek. Those
in Swift Reservoir travel up the Lewis River to spawn in Pine and
Rush Creeks. Those in Merwin Reservoir are apparently washed
out of Yale Reservoir during high run off as no spawning grounds
have so far been discovered in Merwin Reservoir. Bull trout entering spawning tributaries in the Lewis Basin frequently attain total
lengths of 710–840 mm (Byrne et al. 2001).
In the Snake River, the paucity of bull trout in the mainstem
isolates core areas in the Grand Ronde and Tucannon Rivers from
each other. In addition to the one bull trout counted at the Ice
Harbor ladder in 2001, only one other bull trout was reported in
the lower Snake River mainstem, Washington since 2000, in a trap
at the Little Goose Fishway in 2005 (L. Basham, Columbia River
Fish Passage Center, Portland, Oregon, pers. comm.).
In the Imnaha/Grande Rhonde core area, two populations of
bull trout occur in the Imnaha and 11 occur in the Grand Ronde
(Bellerud et al. 1997). In the Imnaha, spawning occurs in the North
Fork and Lick creeks. In the Grande Ronde, populations (are divided among four tributaries: Catherine Creek (North Fork),
Minam River (Bear, Elk and Hurricane creeks, Little Minam River
and Lostine River), Upper Grand Ronde River (Clear, Limber Jim
and Indian creeks), and Wenaha River (Elk Creek, South Fork,
Butte Creek and South Fork Wenaha River). Radio tracking studies indicated that the Wenaha spawning population is fluvial and
after spawning make post spawning migrations back into the
Grand Ronde to overwinter (Hemminson et al. 2001a, 2001b).
Some individuals migrated upstream in the Grande Ronde while
others migrated downstream, occasionally into the Snake River.
Bull trout were also reported in Looking Glass and Little Sheep
creeks, and Kinney and Wallowa Lakes in the Grande Ronde Basin
(Goetz 1989).

In surveys of the Spokane/Coeur d’Alene River Basin, Idaho
and Washington, bull trout were generally present in headwater tributaries above Coeur d’Alene Lake but absent elsewhere.
Adfluvial bull trout were historically abundant in Coeur d’Alene
Lake (Bendire 1882). United States Army Captain Charles Bendire
noted that fishing for bull trout was a favorite pastime of soldiers
barracked at Fort Sherman in Coeur d’Alene, Idaho, who fished
them from late autumn through spring. Bendire noted that few bull
trout were caught in the lake from late spring to early fall because
they ascended tributary streams in May or June in preparation
for spawning from late August to early October. In his spare time,
whenever his Army duties permitted, Bendire traveled throughout
the Inland Northwest, collecting fish specimens to send back to
the United States National Museum (Smithsonian) in Washington,
D.C. Before being posted to Idaho, he received instruction on fish
identification and preservation from museum staff.
Adfluvial bull trout still frequent Coeur d’Alene Lake but are
now uncommon. None have been observed during fisheries or
creel surveys which have been conducted periodically by the Idaho
Department of Fish and Game since the 1960s. The Coeur d’Alene
Tribe has conducted electrofishing and gill net surveys in Coeur
d’Alene Lake annually since 1994. Three bull trout were collected in
their surveys; one in 1995, one in 1999 and one in 2001 (Scott 2002).
Bull trout occur in major tributaries of Coeur d’Alene Lake
but not smaller ones. Isolated bull trout sightings were reported
in Wolf Lodge Creek (enters north end of Coeur d’Alene Lake) by
Goodnight and Mauser (1977) and Lukens (1978). A few bull trout
have been recorded from the Coeur d’Alene River System (enters
along the middle of the eastern shore of the lake), which was surveyed by Laumeyer (1976), Rich (1992) and Apperson et al. (1988).
During these surveys, sites were sampled along the length of the
lower Coeur d’Alene River (below Enaville, Idaho), upper Coeur
d’Alene River (above Enaville), North Fork Coeur d’Alene River,
and South Fork Coeur d’Alene River. Additionally, 16 tributaries
of the lower Coeur d’Alene River, 32 tributaries of the upper Coeur
d’Alene River, nine tributaries on the North Fork and 24 tributaries on the South Fork were surveyed. Only five bull trout were
observed: one in the lower Coeur d’Alene River (Rich 1992) and
four in tributaries of the upper Coeur d’Alene River (one in Brown
Creek, 202 mm TL; two in Graham Creek, 174–211 mm TL; and
one in Steamboat Creek TL not recorded) (Apperson et al. 1988).
The length measurements indicated that the majority of these were
probably isolated resident populations. The lower mainstem of the
Coeur d’Alene River was uninhabitable by salmonids for many decades because of mining pollution entering the South Fork, which
probably eliminated bull trout with adfluvial life history from the
Coeur d’Alene River system. Test fish (minnows) held in cages near
the mouth of the Coeur d’Alene River in 1932 all died within 24
hour (Ellis 1932).
Bull trout were rare in the St. Maries River, including the
mainstem and 29 tributaries in surveys conducted 1986 and 1987
(Apperson et al. 1987, 1988; Horton and Mahan 1988). Only one
tributary, Thorn Creek, harbored any bull trout. A single bull trout
was captured by electrofishing there in 1986. Jeppson (1960) had
previously reported a bull trout caught by an angler in Thorn Creek
and Horton and Mahan (1988) estimated that 12 bull trout were
harvested by anglers there in 1987.
Bull trout are relatively abundant in the St. Joe River in comparison to other ports of the Coeur d’Alene Basin but the stock
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is still in jeopardy. They have been collected in the lower St. Joe
River downstream from Avery, Idaho (Reid 1971; Goodnight and
Mauser 1974; Bjornn and Thurow 1974, 1978; Simpson and Wallace
1982; Apperson et al. 1988; Fredericks et al. 1997, 2002). Bull trout
(n = 28) collected during these surveys ranged from 476–595 mm
in total length. IDFG estimated that 168 and 60 bull trout were harvested respectively in 1975 and 1987 by sport anglers in this section (Walch and Mauser 1976; Apperson et al. 1988). Bull trout use
the lower St. Joe River primarily as a migration corridor between
winter foraging areas in Coeur d’Alene Lake and spawning areas
in headwater tributaries. This was suggested by the fact that all of
the fish captured in the lower St. Joe were of large size, indicative
that they had an adfluvial life history. Tagging and radio telemetry
investigations confirmed that a portion of the bull tagged in the
mainstem or tributaries of the upper St. Joe River migrated downstream after spawning to overwinter in Coeur d’Alene Lake (adfluvial life history), a portion migrated downstream to overwinter in
the lower St. Joe River (fluvial life history), and a few remained in
the upper St. Joe (resident life history).
Hence, it appeared that during the 1970s and 1980s significant
numbers of bull trout traveling through this section were intercepted by anglers before they reached their spawning grounds in
the upper river. Overfishing by sport anglers in the lower St. Joe
likely contributed to decline of bull trout in the upper St. Joe.
Bull trout have also been collected by electrofishing or observed during snorkel surveys in the upper St. Joe mainstem
(Jeppson 1960; Rankel 1971; Simpson and Wallace 1982; Petrosky
and Bjornn 1988; Davis et al. 1986; Nelsen et al. 1986; Fredericks
et al. 1997; Maret and McCoy 2002). Adfluvial bull trout migrated
into the cool water in the upper portion of this section during the
late spring or early summer. Some spawned in the upper mainstem
but most used it as a staging area before migrating into headwater
spawning tributaries in August and September.
Forty tributaries of the lower St. Joe River were checked for
the presence of bull trout in 1986 and 1987 (Apperson et al. 1987,
1988; Horton and Mahan 1988). Bull trout were found in only three
of them; two in Mica, and one each in Thomas and Trout creeks.
Zaroban (2003) also recorded a bull trout from Bond Creek in the
fish collection at the Orma J. Smith Museum of Natural History
at Albertson College, in Caldwell, Idaho. Size of these fish ranged
from 200 to 300 mm, indicating these may be resident populations. The relative absence of bull trout is a further indication that
the lower St. Joe functions mainly as a migratory corridor.
Forty-nine tributaries of the upper St. Joe were checked for
the presence of bull trout in 1986 and 1987 (Apperson et al. 1987,
1988; Horton and Mahan 1988). Additional surveys, including redd
counts, were made from 1982–1999 (Davis et al. 1996; Nelson et
al. 1997; Fredericks et al. 2000, 2001, 2002). Bull trout were found
in 19 of these streams: Bad Bear, Bean Bear, Beaver, California,
Fly, Gold, Heller, Medicine, Mosquito, Red Ives, Ruby, Sherlock,
Simmons, Simons (North Fork), Skookum, Timber, Yankee Bar
and Wisdom creeks. Bull trout spawning occurred in the upper
mainstem and 15 tributaries. The United States Forest Service has
counted bull trout redds in the mainstem and tributaries of the
upper St. Joe River since 1992. The number of redds between 1992
and 1999 totaled 53 in the mainstem and 323 in the tributaries,
for an average count of 47 redds per year. Mainstem counts were:
1992 (n = 10), 1993 (n = 14), 1994 (n = 3), 1995 (n = 4), 1996 (n = 6),
1997 (n = 6), 1998 (n = 0), 1990 (n = 10). Total counts for 1992–1999
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in tributaries were: Bean (n = 11), Fly (n = 2), Gold (n = 2), Heller
(n = 1), Medicine (n = 215), Mosquito (n = 6), Red Ives (n = 2), Ruby
(n = 9), Sherlock (n = 7), Simmons including North Fork (n = 19),
Timber (n = 2), Yankee Bar (n = 1), and Wisdom (n = 27). Thus, 67%
of all spawning activity in the St. Joe Basin during 1992–1997 occurred in Medicine Creek. Collectively, these data indicate that
bull trout in the St. Joe River are hanging on by a thread.
Bull trout are rare or absent in Spokane Basin, Washington,
downstream from Coeur d’Alene Lake. Only one was collected between the outlet of Coeur d’Alene Lakes and Little Falls Dam in
recent years, including surveys between the outlet of Coeur d’Alene
Lake and Post Falls Dam (Falter and Mitchell 1982; Davis et al.
1996), Post Falls to Upriver dams (Bailey and Saltes 1982; Bennett
and Underwood 1988; Underwood and Bennett 1992, McLellan
2003). One bull trout was among 357 salmonids captured during
a drift boat electrofishing survey conducted between RKM 136
and RKM 155 on the upper Spokane River (near the Washington/
Idaho State Line) in fall 2007 (O’Connor and McLellan 2008b).
No bull trout were collected between Monroe Street and Nine
Mile dams (Kleist 1987; Smith 1992; McLellan et al. 2003, 2004),
Nine Mile to Long Lake dams (Fletcher 1981; Bennett and Hatch
1991; Hatch 1991; Divens et al. 2003), and Long Lake to Little Falls
dams (Heaton, 1993). A total of two bull trout have been collected
downstream of Little Falls Dam in the Spokane River Arm of Lake
Roosevelt by boat electrofishing during annual surveys between
1988 and 2004. (See Table 6.76 in Chapter 5, page 447.)
No bull trout were detected in surveys of the tributaries of the
Spokane River in Washington, including: Ente (Crossley 2001),
Orzada (Crossley 2001), Sand (Crossley 2001), Blue (Scholz et
al. 1987b; Butler and Crossley 2003), Mill (Butler and Crossley
2003), Spring Creek (Scholz et al. 1987b), Little Chamokane Creek
(Heaton 1993), Chamokane (Barber 1987; Barber et al. 1987; Geist
et al. 1987; O’Laughlin 1988; O’Laughlin et al. 1987a, b; Scholz et
al. 1987a; Uehara et al. 1987), Deep/Coulee (McLellan et al. 2005),
Latah (Hangman) Creek (Laumeyer and Maughan 1973; Maughan
and Laumeyer 1974; Edelin and Allen 1997; Lee 2005; McLellan
2005) creeks, or, the Little Spokane River (Schultz and DeLacy
1935/1936; Spence and Earnest 1961; Zook 1978; Hartung and Meier
1980, 1995; Mongillo 1993; Divens et al. 2002a; McLellan 2002,
2003, 2004, 2005).
No bull trout have been detected in the mainstem of the Palouse
river or any of its major tributaries (South Fork Palouse River;
Cottonwood, Cow, Imbler, Pine, Pleasant Valley, Rebel Flat, Rock,
Union Flat and Thorn creeks) in Adams, Lincoln, Spokane and
Whitman counties. Collectively, 245 sites above Palouse Falls have
been sampled (Schultz and DeLacy 1935/1936; Maughan et al. 1980;
Whalen 1984; Willms 1989; Willms et al. 1989; Havens 1996, 1997;
Scholz 1998, 1999, 2000, 2001, 2002, 2003, 2004, 2005; McLellan
1999; Taylor 1999; Divens and Osborne 2004; Glover 2004; Fox
2005; Phillips 2006; Porter 2006). One bull trout was captured in
the plunge pool below Palouse Falls in March 1998 (USFWS 2002).
No bull trout have been detected in upper Crab Creek or any of
its major tributaries (Bluestem, Coal, Edwall, Goose, Lake, Lords,
Rock, Sheep, South Fork Crab and Wilson creeks) in Lincoln and
Grant Counties (Evermann and Nichols 1908; Schultz and DeLacy
1935/1936; Trotter 1997; Divens and Phillips 2002; Scholz 2002,
2003). Forty four sites were sampled in 2001 and 2002, including 16
sites on the mainstem, two on the South Fork, six on Coal, two on
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Edwall, one on Goose, three on Lake, two on Lords, five on Rock,
two on Sheep, and three on Wilson creeks (Scholz 2002, 2003).
Few bull trout (none in recent years) have been collected in
the waterways associated with the U.S. Bureau of Reclamation’s
Columbia Basin Irrigation Project, including Banks, Billy Clapp,
Blue, Brook (Stratford), Lenore, Park, Moses, and Soap lakes,
Potholes Reservoir or the numerous seep Lakes below Potholes
Reservoir on the Columbia Basin National Wildlife Refuge in
Douglas and Grant counties (Schultz and DeLacy 1935/1936; Groves
1951; Walton 1983; Polacek 2005; Woller et al. 2006; Burgess 2003,
2007). None were collected in Rocky Ford Creek, a cold, spring
fed desert stream that drains into Moses Lake. No bull trout were
detected at five sites sampled on Douglas Creek in Douglas County
in 2005 (Scholz 2006).
In the Klickitat/White Salmon core area, bull trout were historically present in Northwestern Lake above Condit Dam on the
White Salmon River, Skamania County, Washington, but none
were observed anywhere in the White Salmon Basin during surveys conducted in 2000 that were designed to detect the presence
of bull trout (Byrne et al. 2001). During the survey, sites were sampled in the upper White Salmon River (n = 8), and Cascade (n = 7),
Morrison (n = 5) and Rattlesnake Creeks. In the Klickitat River,
Yakima County Washington, bull trout (n = 94) were detected at
four sites in Clearwater Creek below a barrier falls but not at two
sites above the fall (Byrne et al. 2001). Bull trout were also found in
Trappers (n = 51) and Little Muddy (n = 11) Creeks but not detected
in Bird, Cunningham, Diamond, Dry, McCreedy or Piscoe creeks
(Byrne et al. 2001). Bull trout in the Klickitat Basin ranged from
90–210 mm in total length, indicative that they probably have a
resident life history.
The WDFW Salmonid Stock Inventory (SASI) for bull trout
(WDFW 1998) contains detailed information on the distribution
of bull trout in the Yakima Basin core area (Benton, Kittitas, and
Yakima Counties). Historically, bull trout were distributed widely
throughout the Yakima Basin but now, having been fragmented by
hydroelectric and irrigation diversion dams, they occur in isolated
pockets (WDFW 1998). Bull trout were thought to migrate between
overwinter/forage areas in the lower Yakima River and spawning
areas in various headwater tributaries before they were obstructed
by dams (WDFW 1998). Few bull trout currently inhabit the Yakima
mainstem.
Patten et al. (1970) sampled 35 sites, located about 8 km apart,
on the Yakima mainstem from its confluence with the Columbia
River (RKM 0) to its headwaters below Easton Dam (RKM 281).
Each site was surveyed every other month from 8 April 1957 to
20 May 1958. During the survey only one bull trout was collected
in a sample of 34,733 fish. The bull trout was caught at RKM 266
near Cle Elum, Kittitas County, Washington. The only other bull
trout recorded from the Yakima mainstem below Easton Dam in
recent years were collected in Yakima County (in 1995) and Benton
County (in 1972 and 1997) (Wolf et al. 1957; Cummins et al. 2001).
Karp et al. (2002) sampled fish by electrofishing below Prosser
(RKM 75.4), Sunnyside (RKM 166.1) and Roza (RKM 204.2) dams
in 1997–1999 and collected no bull trout among 1,041 total fish at
Prosser Dam, 3,234 total fish at Sunnyside Dam and 3,546 total fish
at Roza Dam.
Thirteen populations of bull trout that function as reproductively isolated stocks have been identified in the Yakima Basin.
These occur in mainstem above Easton and in surrounding trib-

utaries (Kittitas County), in the Ahtanum River (tributary that
joins the Yakima at RKM 152 near Union Gap, Yakima County,
Washington), and in tributaries (American, Bumping and Tieton
rivers) of the Naches River (tributary that joins the Yakima River at
RKM 165 at Yakima, Yakima County, Washington).
Five naturally reproducing bull trout populations occur in the
upper Yakima in Kittitas County. These include:
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1.

Gold Creek population. This is an adfluvial stock that
matures in Keechelus Lake and migrates into an inlet
tributary (Gold Creek) to spawn. Redd counts were
made in Gold Creek from 1984–2011. Redd counts
for the 28 year period totaled 501, averaged 18 per
year, and ranged from 2–51 per year (Anderson 2011).
Adult spawners in Gold Creek ranged from 457–
610 mm TL (WDFW 1998). Bull trout were historically present in another tributary of Keechelus Lake
(Rocky Run Creek) but none have been detected
there since 1983 (Cummings et al. 2001).

2.

Upper Yakima mainstem population. This is comprised of resident and adfluvial fish that occupy the
Upper Yakima River between the outlet of Keechelus
Lake (i.e., tailrace of Keechelus Dam at RKM 206)
and forebay at Easton Dam (at RKM 283). Bull trout
occupy both Lake Easton and the free flowing river
segment between these dams (Cummins et al. 2001).
A 545 mm bull trout was captured in 1996 in Easton
Lake and a few resident and adfluvial bull trout,
305–559 mm TL, have been captured in the free flowing river above the lake since 1990. Seven redds were
counted in this area (2 in 2000, 1 in 2001, 3 in 2006
and 1 in 2007) (Cummings et al. 2001; Anderson
2011).

3.

Upper Kachess River/Box Canyon Creek population. These are adfluvial stocks that forage/mature
in Kachess Lake and migrate into inlet tributaries
(Upper Kachess River or Box Canyon Creek) to
spawn. The two tributary populations likely represent
distinct genetic stocks that are isolated by reproductive homing. Adult bull trout migrated out of Kachess
Lake into Box Canyon Creek in mid-July and staged
in deep pools below a barrier fall (James 2002). They
spawned in shallow water below the fall in September
and migrated back to Kachess Lake in early October.
Bull trout did not enter the Kachess River until early
October because the river bed was dry at the mouth
(James 2002). Adult spawners ranged from 457–610
mm (WDFW 1998). The fish probably detected upper Kachess River water percolating underground
through the gravel bar at the mouth and staged offshore. After early October rains reconnected the river
to the lake, bull trout migrated up the upper Kachess
River to Mineral Creek, spawned and retraced their
route back to Kachess Lake within a period of two
weeks (James 2002; Meyer 2002). Thus, adults in the
upper Kachess River appear to have locally adapted
to dewatering by migrating in October (Meyer
2002). The fact that these fish could have entered Box
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Canyon Creek at any point when they were staging
offshore of the mouth of Kachess Creek may be indicative of the tenacity of their homing instinct. Redd
counts were made in Box Canyon Creek from 1984
to 2011, and upper Kachess River in 1998 and from
2000–2011 (Anderson 2005; 2011). Redd counts during 28 years of monitoring Box Canyon Creek totaled
275 averaged 10 per year and ranged from 0–31 per
year (Anderson 2005; 2011). The highest count was
in 2011. Redd counts during 13 years of monitoring
the upper Kachess river totaled 103, averaged 10 per
year and ranged from 0–33 per year (Anderson 2005;
2011). The highest count was in 2011.
4.

Upper Cle Elum River Population. This is an adfluvial stock that forages/matures in Cle Elum Lake
and migrates into the upper Cle Elum River above
the lake to spawn. The National Marine Fisheries
Service caught 17 bull trout, 150–400 mm TL, in trap
nets set in Cle Elum Lake in 1990–1993 and adult
bull trout were observed in the river above the lake
in 1996 (WDFW 1998), but no redds were observed
from 2000–2011 (Anderson 2005; 2011). Bull trout
were historically caught by anglers in Waptus Lake,
which is connected by its outlet (Waptus River) to the
upper Cle Elum River (WDFW 1998). A juvenile bull
trout was captured during a WDFW gill net survey
in Waptus Lake in 1997 (WDFW 1998; Cummins et
al. 2001). A waterfall in the lower Waptus River may
isolate this population.

5.

Teanaway River (North Fork) population. The
Teanaway River joins the Yakima at RKM 251 near
Cle Elum, Washington. A few resident and fluvial
type bull trout have been observed in the North
Fork Teanaway River and its tributaries (De Roux,
Jack and Jungle creeks) (WDFW 1998; Cummins et
al. 2001). Sixty-four bull trout were counted during
WDFW snorkels survey conducted in 1994 (n = 50)
and 1997 (n = 10) in the North Fork and its tributaries. None were found in the East or West forks of the
Teanaway. Twenty bull trout were captured in a trap
on the North Fork in 1999 (eight 300–660 mm TL
and twelve 61–140 mm TL) (Cummins et al. 2001).
Redd counts were made from 1996–1998 and 2000–
2011. Only two redds were observed in 1996, 2 in
2005 1 in 2006 and 1 in 2009 (Anderson 2005; 2011).

Only two other bull trout have been captured in the Yakima
drainage in Kittitas County: one in Swauk Creek (enters at Yakima
RKM 241) in 1993, the other in Coleman Creek (enters at Yakima
RKM 205 near Ellensburg) in 1970 (WDFW 1998; Cummins et al.
2001). A bull trout was captured in Satus Creek (enters Yakima
River at RKM 102) in Yakima County, in 1953 (WDFW 1998).
Most bull trout collected in the Yakima drainage in Yakima
County have been collected in upper Ahtanum Creek and its tributaries, or in the Naches River and its tributaries. Currently, bull
trout in Ahtanum Creek (enters Yakima at RKM 152) are isolated
from other populations in the Yakima River from July to October
because irrigation withdrawals cause the creek to flow subsurface
1388

between RKM 0–32. Within the Ahtanum Creek drainage, bull
trout spawning occurs in the North, Middle, and South Forks. The
majority of adult spawners in these streams range from 200–356
mm (WDFW 1998), indicating that they are primarily composed
of the resident life history form with, perhaps, a few fluvial type
fish. Redd counts during 19 years of monitoring the North Fork
totaled 147, averaged 8 per year, and ranged from 8–20 per year
(Anderson 2005; 2011). Redd counts during 15 years of monitoring
the Middle Fork totaled 92, averaged 6 per year, and ranged from
0–15 per year. Redd counts during 12 years of monitoring the South
Fork totaled 71, averaged 6 per year and ranged from 2–14 per year
(Anderson 2005; 2011).
The Naches River is the largest tributary of the Yakima (enters Yakima at RKM 165). Within the Naches Sub-basin most bull
trout were associated with Rimrock Lake on the Tieton River,
Rattlesnake Creek, Bumping Lake on the Bumping River, and the
American River in the middle and upper portions of the drainage. Additionally individual bull trout were seen in Cowiche (in
2001), Milk and Oak creeks (WDFW 1998; Cummins et al. 2001).
Bull trout were also encountered in the Little Naches River (i.e.,
confluent with Naches River above the junction of the American
River) and its tributaries (Crow, Pileup and Quartz creeks).
Two adfluvial populations (Indian Creek and South Fork Tieton
River) of bull trout occur in Rimrock Lake, which is a reservoir of
the Tieton River formed by construction of Tieton Dam in 1925.
These stocks formerly had fluvial life histories but adopted a secondary adfluvial life history upon closure of Rimrock Reservoir.
Both stocks forage on kokanee salmon in Rimrock Lake and ascend inlet tributaries to spawn. One stock ascends Indian Creek, a
tributary at the head of the reservoir; the other ascends the South
Fork Tieton River, which enters at the opposite end of the reservoir
near the forebay. Both creeks support healthy populations of juvenile bull trout (Sexauer 1994; Craig 1997; James 1997; Polacek 1998;
Polacek and James 2003).
Between 1995 and 2000, Central Washington University fisheries scientists trapped bull trout entering and leaving both tributaries (James 2000). Fish were tagged with individually numbered
Floy tags. Orange tags were used for Indian Creek, yellow tags for
the South Fork Tieton River.
Sexually mature adult bull trout entered Indian Creek throughout the summer, with the majority arriving between August 15 and
September 10 (James 2002). Spawning activity peaked in September
and post-spawning adults migrated out of the North Fork back to
Rimrock Lake from mid to late September (James 2002). Mean
length (TL), weight and condition factor (KTL) of 376 bull trout captured at the Indian Creek weir in 1999 and 2000 were respectively
601 mm, 3,587 g and 1.56. Total length ranged from 310–780 mm for
765 fish tagged in Indian Creek throughout the study.
Many sexually mature bull trout entered the South Fork Tieton
River as early as late June but some did not arrive until just before spawning. Snorkeling surveys determined that fish entering
the river early staged in deep pools where 20–50 individuals were
aggregated together (James 2002). Spawning activity peaked in
September with fish moving out of the pools into shallow water in
the South Fork or into tributary streams. It is probable that some
spawning occurred in South Fork tributary streams (Bear, Corral,
Dirty, Grey, Short and Spruce creeks) because juvenile bull trout
have been observed in them. Post-spawning fish migrated from the
South Fork back to Rimrock Lake from mid to late October (James
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2002). Mean length (TL), weight and condition factor (KTL) of 278
bull trout captured at the South Fork weir in 1999 and 2000 were
respectively 593 mm, 3,364 g, and 1.55. Total length ranged from
360–840 mm for 620 fish tagged in the South Fork throughout the
study.
Tagged fish enabled biologists to estimate the annual survival,
spawning mortality and populations of spawning fish (James
2000). At the Indian Creek weir, 765 bull trout were tagged and 334
of them were captured at least once. Some were recaptured as many
as four times, so the total number of recapture events totaled 537.
Based on these data the number of adults in the spawning population was estimated at 318–1,628 individuals spawning annually,
with an average number of 1,260 individuals (James 2000). Annual
survival was estimated at 76% and spawning mortality was estimated at 23% (James 2000).
At the South Fork Tieton weir, 620 bull trout were tagged and
160 were recaptured at least once. Some were recaptured as many
as four times, so the total recapture events totaled 208. Based on
these data, the number of adults in the spawning population was
estimated at 706–1,364 individuals spawning annually, with an average spawning run of 944 individuals (James 2000). Annual survival was estimated at 66% and spawning mortality was estimated
at 33% (James 2002).
Tagged fish in Rimrock Lake exhibited remarkable fidelity to
a stream previously used for spawning. Of 745 recapture events
(537 in Indian Creek and 208 in South Fork Tieton River), 744 fish
(99.8%) were recaptured 1–4 years later in the same stream where
they were originally marked (James 2002). Some individuals were
recaptured as many as four times in the same tributary.
Bull trout redd counts were made at Indian Creek from 1984–
2011, and at South Fork Tieton River in 1990 and from 1993–2011.
Redd counts during 28 years of monitoring at Indian Creek totaled 3,516, averaged 126 per year and ranged from 16–226 per year
(Anderson 2005). Redd counts during 20 years of monitoring the
South Fork Tieton River totaled 3,359, averaged 168 per year and
ranged from 32–266 per year (Anderson 2005; 2011).
Bull trout are also present in the North Fork Tieton River which
drains into Rimrock Lake. The North Fork is divided into lower
and upper segments by Clear Lake. WDFW creel surveys documented angler harvest of bull trout at Clear Lake during the 1950s
(WDFW 1998). In 1993, a juvenile bull trout was captured in Clear
Lake by U.S. Forest Service biologists. Recent surveys have documented the presence of bull trout in the North Fork both above
and below Clear Lake (Cummins et al. 2001). Bull trout redds were
counted in the North Fork Tieton River in 2004 and 2006–2011.
During these 7 years bull trout redds totaled 112, averaged 16 per
year and ranged from 1–37 per year (Anderson 2011).
Bull trout have been documented in the Rattlesnake Creek
drainage, which enters the Upper Naches River between the Tieton
and American rivers (Cummins et al. 2001). Bull trout are present
in the North Fork Rattlesnake, Little Wildcat and Hindoo creeks in
the Rattlesnake Creek drainage. Bull trout redd counts were made
at Rattlesnake Creek in 1990 and from 1994 to 2011 (Anderson
2005; 2011). Redd counts during the 19 years of monitoring totaled
470, averaged 38 per year and ranged from 2 to 69 per year.
Bull trout are present in the American and Bumping rivers, which converge to flow into the Upper Naches River. In the
American River, fluvial bull trout are found along the length of the
river and may migrate into tributary streams (Kettle, Timber and

Union Creeks) to spawn. Bull trout redd counts were made in the
American River from 1996–2011. Redd counts during the 16 years
of monitoring totaled 546, averaged 34 per year, and ranged from
22 to 47 per year (Anderson 2005; 2011).
Upstream of the American River, the Naches River is identified as the Little Naches River. Crow Creek enters the Little Naches
River. Bull trout redds were counted in Crow Creek from 1999–
2011. During this 13 year interval bull trout redds totalled 118, averaged 9 per year and ranged from 2–26 per year. (Anderson 2011).
Bull trout are also present in two other tributaries of the Little
Naches (Quartz and Pileup creeks) but no quantitative data are
available (Cummins et al. 2001).
Bull trout are found throughout the Bumping River drainage
but are most prevalent above Bumping Lake. The Bumping River
arises as the outlet of the lake. Historically, fluvial and adfluvial bull
trout spawned in an inlet tributary (Deep Creek). Adfluvial bull
trout inhabited the lake. Fluvial bull trout dropped down below the
lake and occupied the Bumping River. Construction of Bumping
Dam at the lake’s outlet in 1910 enlarged the lake and was a barrier
to fluvial migrants. Hence, the bull trout that currently inhabit the
lake are possibly descendents of fish with both adfluvial and fluvial
(now secondary adfluvial) life histories.
Fisheries scientists from Central Washington University monitored a migration trap on Deep Creek from 1997–2000. Sexually
mature adfluvial bull trout entered Deep Creek from mid-August
to the first week in September, and migrated back to Bumping Lake
during the first two weeks of September (James 2002). Spawning
adults (n = 226) entering Deep Creek in 1999 and 2000 measured
(on average) 544 mm TL (21.6 inches), weighed 2,707 g (6 lb.), and
had a condition factor (KTL) of 1.55 (James 2002). Range in total
length of 512 bull trout measured in Deep Creek from 1997–2000
was 300–820 mm (James 2002).
A total of 309 bull trout captured in the weir were tagged with
individually numbered floy tags. In subsequent spawning seasons,
103 at them were recaptured in the Deep Creek weir, lower creek.
Some of them were recaptured more than once, so the total number of recapture events numbered 126. Some individuals were recaptured up to three times (James 2002). All recaptures were made
in Deep Creek; none were collected from other locations in the
Yakima Basin. Based on tag/recapture data the population of bull
trout in Bumping Reservoir was estimated at 447–486 individuals, annual survival was estimated at 85% and spawning mortality
was estimated at 15% (James 2002). From 1989 to 2011, bull trout
redd counts in Deep Creek have totaled 2,213, averaged 66 per
year and ranged from 12 to 199 per year over this 22 year period
(Anderson 2005; 2011). Bull trout redd counts were made in the
upper Bumping River in 1994, 1995, 2000, 2004 and 2007–2011.
Counts during these 9 years totalled 3, averaged <1 per year and
ranged 0–2 per year (Anderson 2011).
Bull trout in the mid-Columbia core area can be sub-divided
into Wenatchee, Entiat, Chelan, Methow and Okanogan subpopulations. Bull trout were historically present in Lake Chelan
(Evermann 1909) and its main inlet Stehekin River (Goetz 1989),
but none have been reported since 1955. Bull trout were also historically present in the Okanogan River (in Washington) but were last
documented in 1953 (Goetz 1989). Thus, it appears that bull trout
have been extirpated from both these systems. However, surveys
designed to specifically detect remnant populations of bull trout
have not been conducted in either system.
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In the Wenatchee Basin, bull trout utilize the lower Wenatchee
River (downstream from Dryden Dam) primarily as a migration
corridor. Bull trout that overwinter/forage in the Columbia migrate
through this section to spawning tributaries that join the middle
and upper Wenatchee. Peshastin Creek joins the Wenatchee about
2 km upstream from Dryden Dam. Peshastin Creek historically
supported a large run of fluvial bull trout that migrated out of the
Columbia and up the Peshastin to spawn in Ingalls Creek (Brown
1992). Although several other tributaries join Peshastin Creek, bull
trout spawning apparently occurred only in Ingalls Creek. Bull
trout were present in Ingalls and Peshastin creeks during recent
surveys conducted by the USFWS (USFWS 2002) and a radio tagged
bull trout released below Rock Island Dam on the Columbia River
in 2001, migrated up the Columbia and Wenatchee rivers into
Peshastin Creek (BioAnalysts Inc., 2004).
Icicle Creek joins the Wenatchee River at Leavenworth,
Washington. A few bull trout have been observed throughout
the length of Icicle Creek and in one of its headwater tributaries
(French Creek) but it is uncertain whether they are spawning successfully (Goetz 1989; Brown 1992; Mongillo 1993; USFWS 2002).
Bull trout aggregated in the spillway pool below a dam on Icicle
Creek at Leavenworth National Fish Hatchery (RKM 7.2). Between
1996 and 2000, U.S. Fish and Wildlife Service biologists captured
101 bull trout there. Bull trout, implanted with radio transmitters
and released in the spillway pool, migrated into the Wenatchee
River and below Dryden Dam (USFWS 2002). However no spawning activity has been observed and no redds have been counted in
the Icicle drainage.
Chiwaukum Creek, which joins the Wenatchee in Tumwater
Canyon, historically supported a sport fishery for bull trout (Brown
1992). In 2001, snorkel surveys by the U.S. Fish and Wildlife Service
detected 27 juvenile and 12 adult bull trout (USFWS 2002). Also, 29
redds were counted.
Nason Creek joins the Wenatchee River below the outlet of
Lake Wenatchee. Its headwaters are in Stevens Pass. Large fluvial
bull trout have been documented in lower reaches of Nason Creek
and resident bull trout occur closer to the source. Mill Creek, a
headwater tributary of Nason Creek also harbors resident bull
trout. Redd counts at Nason Creek from 1997–2001 totaled 22,
averaged 4 per year and ranged from 0–10 per year. Redd counts
at Mill Creek from 1996–2001 totaled 24, averaged 4 per year and
ranged from 1–10 per year (USFWS 2002).
The Little Wenatchee and White rivers are inlets of Lake
Wenatchee. Adfluvial bull that mature in Lake Wenatchee ascend
both tributaries to spawn. Both streams are also inhabited by resident bull trout. In the Little Wenatchee, adfluvial bull trout can
ascend to a barrier fall (Little Wenatchee Falls) about 11 km above
the lake. Migratory bull trout historically spawned below the falls
but apparently no longer do so (USFWS 2002). Resident bull trout
occur below and above the fall, where they were documented in
Rainy Creek (USFWS 2002). Bull trout redds below the falls numbered three each year in 1999 and 2000, and one in 2001 (USFWS
2002). These were all constructed by small, resident bull trout.
Adfluvial trout from Lake Wenatchee can ascend the White
River to an impassable barrier at White River Falls, about 15 km
above the mouth. The Napeequa River is a glacier fed stream that
arises in the Glacier Peak Wilderness and connects to the White
River about 1 km downstream from White River Falls. Adfluvial
bull trout can migrate 3.2 km up the Napeequa to a barrier falls
1390

(USFWS 2002). In 1999, 5–10 large migratory bull trout were observed below Napeequa Falls but it was uncertain if they spawned
there (USFWS 2002). The extent of spawning by adfluvial bull trout
in either the lower White or Napeequa rivers is currently unknown.
Resident bull trout occur in the White River and two of its tributaries (Panther and Sears creeks) above the falls. Redd counts were
made on the White River above the falls from 1999–2001, and on a
1.6 km section of lower Panther Creek between its confluence with
the White River and a barrier falls from 1989–2001. Redd counts
for the 3-year period of record on White Creek totaled 83, averaged
28 per year and ranged from 7 to 48 per year. Redd counts for the
13-year period of record at Panther Creek totaled 349, averaged 27
per year and ranged from 7 to 48 per year (USFWS 2002).
The Chiwawa River joins the Wenatchee River below the outlet of Lake Wenatchee. Its headwaters are in the Glacier Peak
Wilderness and its cold glacial melt waters are ideally suited for
bull trout. It is a relatively low gradient stream that meanders
through a broad, glacially sculpted valley and its joined by many
small, higher gradient influents. It is a stronghold for bull trout
(Brown 1992; WDFW 1998; USFWS 2002). Juvenile and adult (both
migratory and resident) bull trout have been found in abundance
throughout the river and its tributaries (Alpine, Buck, Chikamin,
Phelps, and Rock creeks). Adult bull trout, 460–610 mm TL have
been observed at these locations but it is not known if they are
an adfluvial stock from Lake Wenatchee, a fluvial stock from the
Wenatchee/Columbia Rivers or both.
Redd counts were made on the Chiwawa mainstem (1989–
2001), Buck Creek (2000), Chikamin Creek (1989–2001), Phelps
Creek (1989–2001) and Rock Creek (1989–2001). Chiwawa Creek
bull trout redd counts totaled 112, averaged 37 redds per year and
ranged from 26 to 48 redds per year for the 13 year period of record
(USFWS 2002). Three bull trout redds were counted in Buck Creek
in 2000, the only year redds were counted. Chikamin Creek redd
counts totaled 582, averaged 45 redds per year and ranged from 16
to 99 redds per year for the 13 year period of record (USFWS 2002).
Phelps Creek redd counts totaled 302, averaged 23 redds per year
and ranged from 1 to 34 redds per year for 13 year period of record
(USFWS 2002). Rock Creek redd counts totaled 2,836, averaged 218
redds per year and ranged from 64 to 355 redds per year for the 13year period of record (USFWS 2002).
The Entiat River, Chelan County, has the weakest population
of bull trout in the mid-Columbia Core Area. Fluvial bull trout
that overwintered/foraged in the Columbia River migrated either
up the Entiat mainstem to Entiat Falls or up the Entiat into the
Mad River to spawn. Limited spawning has been observed below Entiat Falls. Spawning ground surveys were conducted in the
Entiat mainstem from 1994 to 2001. Only 15 redds were observed
over the 8 year interval. Redd counts averaged two per year and
ranged from 0–6 per year (USFWS 2002). Spawning surveys were
conducted in Mad River from 1989–2001. Redd counts totaled 310,
averaged 24 per year and ranged from 10 to 45 per year, over the
13-year interval(USFWS 2002).
The Methow River, Okanogan County, contained both fluvial
and resident bull trout. Fluvial bull trout migrate from the Columbia
to the Lower Methow, Upper Methow and into tributaries to spawn.
Resident bull trout occur above barrier falls in some tributaries.
Presence of bull trout has been documented in 33 tributaries. Bull
trout spawning appears to be rather limited in the Lower Methow
but some individuals move into Gold Creek and then Crater Creek.
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Redd counts in Crater Creek totaled 4, averaged 1 per year, and
ranged from 0–2 per year from 1996 to 1999 (USFWS 2002).
Other Lower Methow tributaries include Libby and Beaver
creeks. A bull trout radio-tagged at Wells Dam in 2001 was tracked
to Libby Creek (BioAnalysts, Inc. 2004) but subsequent snorkel
surveys did not detect any bull trout there (USfWS 2002). Bull trout
were historically present in Beaver Creek (in 1973), Davis Lake (in
1962) and Conconully Lake (in 1973) (Goetz 1989). However, recent
surveys did not verify their continued presence.
The Twisp River, which joins the Methow at Twisp, Washington
is one of the most important bull trout spawning areas in the
Methow Sub-basin. Resident and fluvial bull trout occur in the
Twisp River and in its tributaries (Bridge, Buttermilk, North and
Reynolds creeks). Fluvial bull trout migrate to spawn in the upper
reaches of the Twisp mainstem. Redd counts of fluvial bull trout
in that section of the river were made from 1992 to 2001. Over the
10 year interval, counts totaled 273, averaged 27 redds per year and
ranged from 3 to 72 redds per year (USFWS 2002). Bull trout also
spawned in North Creek where a total of 115 redds, average of 29
redds per year and range of 0 to 63 redds per year were counted
between 1998 and 2001 (USFWS 2002).
One bull trout redd was observed in Reynolds Creek (in 1992)
and a total of seven were counted in the East Fork of Buttermilk
Creek in seven years of monitoring (1995–2001). No redds were
counted during five of those years, four in 1995 and three in 2001
(USFWS 2002). There is historical documentation that bull trout
occurred in Black Pine and Patterson lakes, southwest of the town
of Winthrop, along the west bank of the Methow River. The last
record of occurrence in both lakes was 1954 (Goetz 1989).
The Chewuch River and Wolf Creek join the Methow from the
east and west respectively near Winthrop, Washington. Fluvial
and resident bull trout are distributed throughout the Chewuch in
small numbers, but are relatively abundant in one of its tributaries
(Lake Creek). Lake Creek forms the inlet and outlet of Black Lake.
Adfluvial bull trout forage in Black Lake and migrate up the Lake
Creek inlet to spawn. Bull trout redd counts were made in Lake
Creek above Black Lake from 1995–2001. During the seven year period, redd counts totaled 88, averaged 13 per year and ranged from
0 to 23 per year (USFWS 2002). Bull trout have also been reported
from Eightmile, Boulder and Thirtymile creeks in the Chewuch
drainage (Goetz 1989; USFWS 2002).
Fluvial and resident bull trout were present in the lower 18
km of Wolf Creek, another tributary of the Methow River. Redd
counts were made from 1996–2001. During the six year interval,
redd counts totaled 101, averaged 17 per year and ranged from 3 to
29 per year (USFWS 2002).
Goat Creek is a tributary that enters the Upper Methow near
Mazama, Washington. Resident and fluvial bull trout occur in
Goat Creek and spawning was documented in 2000 when 11 redds
were counted (USFWS 2002).
Early Winters Creek joins the Upper Methow at Early Winters,
Washington. Fluvial and resident bull trout are distributed
throughout Early Winters Creek and in two of its tributaries, Cedar
and Huckleberry creeks. A waterfall at RKM 13 blocks the ascent of
Chinook salmon and steelhead farther up Early Winters Creek but
bull trout can apparently ascend the falls without difficulty because
fluvial size bulltrout were captured above the falls during a USFWS
electrofishing survey in 2001 (USFWS 2002). Redd counts in Early
Winters Creek totaled 19, averaged 3 per year and ranged from 0 to

9 per year from 1995–2001 (USFWS 2002). One and two bull trout
redds were counted respectively in 1996 and 1997 at Cedar Creek
(USFWS 2002).
Lost River is one of the headwater tributaries of the Upper
Methow. The bull trout population in Lost Creek was estimated
at 1,092 fish or about 210 bull trout per mile (WDFW 1998). Bull
trout also occupied Cougar Creek, Cougar Lake, Lower Hidden
Lake, Middle Hidden Lake and Monument Creek in the Lost River
drainage. Surveys conducted by the U.S. Fish and Wildlife Service
and U.S. Forest Service indicated that at least 500 adult bull trout
spawn in this drainage annually but because of inaccessibility only
cursory redd counts have been made (USFWS 2002).
Other headwater tributaries of the Upper Methow known to
support bull trout are the West Fork Methow River and Trout
Creek. Redd counts in the West Fork (1995–2001) totaled 83 and
averaged 13 per year and ranged from 1–27 per year (USFWS 2002).
WDFW documented bull trout spawning in Trout Creek (WDFW
1998).
Angela et al. (2004) searched fishway records of McNary Dam
on the Columbia River and Ice Harbor, Lower Monumental, Little
Goose, and Lower Granite dams on the Snake River to ascertain the number of adult bull trout recorded passing each dam.
Additionally, they examined the juvenile salmonid bypass facility
records for each of these dams to determine the number of bull
trout juveniles or kelts observed. Their results are recorded in Table
16.92.
These records indicate that at the present time bull trout make
little use of the mainstem of the Columbia River downstream from
the confluence of the Snake River or in the lower Snake River
mainstem in Washington that is impounded by the four lower
Snake River Dams. This is possibly related to warm water emanating from the Snake River.
A radio telemetry study is currently underway to monitor
upstream and downstream movements of bull trout through the
lower Snake River, but the results have not yet been published.
Bull trout in the Walla Walla Core Area occur in three sub areas
that are geographically isolated by thermal barriers and dewatering associated with irrigation diversions: Upper Walla Walla River,
Mill Creek and Touchet River. During summer and fall, warm temperatures in the Walla Walla mainstem, as well as lower reaches
of Mill Creek and Touchet River, limits the distribution of bull
trout to montane upper reaches and tributaries of the Walla Walla
and Touchet rivers and Mill Creek (Brown 1992, Mongillo 1993).
Biotelemetry investigations have revealed that they migrate to the
middle and lower reaches of these rivers during the winter months
(Mendel et al. 2001). Fish from different tributaries in each sub
area may intermingle at this time, but fish from different subareas
do not appear to intermingle to any extent at any time during their
life cycles.
Knecht (1976) surveyed 14 sites in the Lower Walla Walla River
(RKM 0–15) by electrofishing and seining from August 11–13, 1975.
A total of 943 fish representing eight species were collected but no
bull trout were seen.
The Upper Walla Walla Sub-Area includes the North and South
Forks of the Walla Walla River in Umatilla County, Oregon. The
South Fork population is comprised of resident and fluvial fish,
the latter spawning in tributaries (Bear, Reser and Skip Horton
creeks). Bull trout redd counts on the South Fork ranged from approximately 105 to 420 (about 11–36 redds per mile) between 1994
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Table 16.92

Records of bull trout counted in fish ladders and
juvenile bypass systems at McNary Dam (Columbia
River) and Ice Harbor , Lower Monumental, Little
Goose and Lower Granite Dams (Snake River).
(Data from Angela et al. 2004.)
Fish Ladders

Juvenile Bypass

Years
Searched

# bull
trout

Years
Searched

# bull
trout

McNary

1993–2003

0

1981–2003

0

Ice Harbor

1999–2003

1

1996–2003

1

Lower Monumental

2001–2003

4

1993–2003

14

Little Goose

1970–2003

76

1981–2003

52

Lower Granite¹

2001–2003

0

1990–2003

8

Dam

Total

81

75

¹No Physical records were available but personnel at the dam provided
anecdotal information that a few adult bull trout were observed at the
Lower Granite Dam.

and 2000, with the highest counts in 1999 and 2000. Bull trout
redd counts on the North Fork ranged from 21 to 15 (10–26 redds
per mile) between 1994 and 2000, with highest counts in 1999 and
2000 (Contour et al. 2003).
Mill Creek provides the city of Walla Walla with its municipal
water supply. Bull trout in Mill Creek spawn in the mainstem and
tributaries upstream of the Walla Walla water intake dam (located
at RKM 39.3 above the confluence of Mill Creek and the Walla Walla
River). In 1998, a migration trap was installed about 0.5 km above
the dam to monitor bull trout movements into and out of the spawning reach (Sankovich et al. 2001). The trap was operated annually
from March to October, 1998 to 2001 (Sankovich et al. 2003, 2004).
A total of 2,407 bull trout, with average fork lengths (FL) ranging from 137–379 mm, were captured in the downstream trap
(Sankovich et al. 2001). Only juveniles (n = 2,220 137–170 mm FL
were captured from March to August in the downstream trap.
In September and October, downstream migration was composed predominantly of post spawning adults (n = 172, 235–379
mm FL) migrating to overwinter/forage areas in lower Mill Creek.
Biotelemetry investigations revealed that these fish overwintered
in Mill Creek between the outskirts of Walla Walla (RKM 6) and
the intake dam (RKM 19.3) (Hemmingsen et al. 2001a, 2001b, 2001c,
2001d, 2002; Mendel et al. 2003; Budy et al. 2003, 2004; Mahoney
2004; summarized in Angela et al. 2004).
A total of 574 bull trout, ranging from 172–880 mm FL, were
captured in the upstream trap (Sankovich et al. 2001). Only three
(0.5%) were collected from March to May (one each month).
Upstream migration of adult fish commenced in June, when 69
fish (12%) were caught. Most were fluvial adults ranging from 466–
528 mm FL. Adult upstream migration peaked in July and August
when 410 fish (72%), ranging from 372 to 528 mm FL, were caught.
Adult migration tapered off in September and October when 92
fish (16%), ranging from 260–372 mm FL were caught.
Bull trout spawning has been documented in the Mill Creek
mainstem and in tributaries (Deadman, Low, and North Fork Mill
creeks). Bull trout redd counts have been made in the Mill Creek
drainage since 1994. From 1994–2002, counts ranged from 125 to
213 redds per year (Sankovich et al. 2003).
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The Touchet River is the first large tributary that joins the Walla
Walla River about 25 km above its confluence with the Columbia.
Its headwaters are located in Columbia County where four tributaries (North Fork Touchet, South Fork Touchet, Robinson Fork,
and Wolf Fork), which arise in the Blue Mountains, converge near
Dayton, Washington. Further downstream, the Touchet is joined
near Waitsburg, Walla Walla County, Washington by Coppei
Creek. Bull trout are confined to the three headwater tributaries.
Michaelis (1972) electrofished 65 sites throughout the Touchet
drainage during the summer of 1971 including 19 sites on the
mainstem in Walla Walla County and 46 sites on the headwater
tributaries in Columbia County. He collected only one bull trout
(from the upper Wolf Fork) in a sample of 1,250 fish. Mendel et
al. (1999, 2000, 2001, 2002, 2003, 2004) resurveyed the Touchet
River by electrofishing, snorkeling, and making redd counts. Bull
trout were found on the North Fork (including Lewis and Spangler
creeks), upper South Fork (including Burnt Fork) and upper Wolf
Fork (including Robinson Fork). None were found in the Touchet
mainstem below the three forks or in Coppei Creek (including
mainstem, North Fork Coppei Creek or South Fork Coppei Creek).
Martin et al. (1992) estimated the population (±95% CI) of
young-of-the-year (YOY or age 0) and juvenile bull trout (age 1–3)
in the Wolf Fork at 1,544 (±119) and 1,056 (±137) respectively. The
area sampled was 28,203 m², so population densities of age 0 and
age 1 bull trout were respectively 5.5 and 3.7 individuals/100 m².
Bull trout redd counts have been made in the Wolf Fork since
1990, and on the South and North Forks since 1994 (Duff et al.
1995, 1997; Mendel et al. 2001). From 1990–2000, excluding 1993,
bull trout redds in the Wolf Fork totaled 484, averaged 48 per year
and ranged from 4 to 93 per year. From 1994–2000, bull trout in
the North and South Forks totaled 212, averaged 30 per year and
ranged from 11–47 per year. The highest numbers of redds occurred in 1999 and 2000. In 2000, four bull trout redds were surveyed for the first time in the Burnt Fork of the South Fork Touchet
River (Mendel et al. 2001).
The majority of bull trout inhabiting the North, South and Wolf
Forks of the Touchet river appear to have a resident life history. This
was evident by the small size of bull trout recovered in each stream,
and the fact that relatively few bull trout have been captured in a
downstream migration trap, located on the mainstem Touchet River
in Dayton. For example, 88 of 91 bull trout observed in the Wolf Fork
in 1990 and 1991 ranged from 40–220 mm FL (ages 0–4), two were
360 mm FL and one was 470 mm FL (Martin et al. 1992). Only three
fish were large enough to be classified as fluvial migrants. At the fish
trap in Dayton, the number of downstream migrating bull trout captured was 18 in 1999 and 28 in 2000 (USFWS 2002). Additionally, a
radio tagged adult bull trout released upstream of the trap of Dayton
in June 2001 migrated into the South Fork of the Touchet and eventually into the Burnt Fork. Hence, there is a small fluvial contingent
to the bull trout populations in at least the South Fork and possibly
other Forks of the Touchet. Fluvial bull trout are presumed to overwinter in the mainstem of the Touchet downstream from Dayton, or
possibly in the Walla Walla mainstem (USFWS 2002).
Few bull trout presently occur in the lower Walla Walla mainstem between its confluence with the Columbia and Walla Walla
or in minor tributaries such as Dry or Yellowhawk creeks. Goetz
(1989) noted that a bull trout was recorded in Dry Creek in 1959.
Jackson (1975) surveyed 18 sites in the lower Walla Walla area
and collected 1,441 fish (nine species) but no bull trout. Pearman
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(1977) surveyed 27 sites on the lower Walla Walla, Yellowhawk
and Cottonwood creeks. He collected 800 fish (13 species) but no
bull trout. Mendel et al. (2001) surveyed the Walla Walla River,
and Dry, North Fork Dry, Yellowhawk, Cottonwood and Caldwell
creeks but recorded no bull trout. However, adult bull trout are
occasionally recorded at irrigation dams on the lower Walla Walla
mainstem and it is thought that bull trout may utilize the lower
Walla Walla during the winter when temperatures are cooler and
flow is more stable.
Bull trout are also present in the North and South forks of the
upper Walla Walla River Basin near Milton-Freewater, Oregon
(USFWS 2002; Budy 2003; Mahoney et al. 2004). Radio telemetry
investigations indicated that bull trout from the upper Walla Walla
region, Mill Creek and Touchet River did not move beyond their
limited range, so there appeared to be no genetic admixture of
these stocks (Mahoney et al. 2004; reviewed by Angela et al. 2003).
A rotary screw trap was placed in the lower Walla Walla River to
determine if bull trout out-migrate into McNary Reservoir but no
bull trout were captured (Brown and Newell 2004).
Bull trout abundance in the Walla Walla Basin appears to have
increased in recent years. Total numbers of redds in the Walla
Walla Basin increased from about 300–400 per year from 1994–
1997 to about 660–780 per year in 1999–2000. This increase may be
related to passage improvement (a dam was removed in 1998), and
improved screens and bypasses for irrigation diversion.
Kleist (1993) documented a few instances (n = 3) of adult bull
trout ascending fish ladders at Lower Monumental or Little Goose
Dam on the Snake River. During a ten year period between 1993
and 2002, the United States Army Corps of Engineers documented
a total of 37 adult bull trout, ranging from 200–460 mm TL, passing upstream over the fish ladders or downstream through juvenile bypass systems at Ice Harbor and Lower Monumental Dams
(Baxter 2003).
It is possible that these represented bull trout with a fluvial/
adfluvial life history that grow to maturity in the Columbia or
Snake River mainstems reservoirs and spawn in [a] tributary(ies)
of the Snake River. If so, the most likely candidate is the Tucannon
River Basin, Columbia and Garfield Counties, Washington because no adult bull trout have been documented passing Lower
Granite Dam. The Tucannon River (Whitman County), Meadow
Creek (Garfield County), and Alkali Flat Creek (Whitman County,
Washington) are the only known tributaries of the Snake River between Ice Harbor and Lower Granite Dams that harbor bull trout.
However, documentation of adult bull trout moving between the
Snake mainstem and Tucannon River is circumstantial. Martin
et al. (1992) reported that four upstream migrating adult bull
trout ≥610 mm were captured in a fish trap at the Tucannon Fish
Hatchery, located at RKM 62 on the Tucannon River, in the spring
of 1991. Since then approximately 30–40 bull trout, ≥650 mm TL,
were captured below and released above the hatchery weir. These
fish were certainly large enough to be fluvial/adfluvial type bull
trout but it was also possible that they had overwintered in the
lower Tucannon River and were migrating upstream into headwater spawning tributaries.
Direct evidence of bull trout migration from the Tucannon is
lacking. To date, only 1 of 92 adult bull (400–650 mm) trout implanted with radio transmitters in the upper Tucannon River during their upstream migration to spawning sites subsequently migrated downstream to overwinter in the Snake River (Underwood

et al. 1995; Underwood 1996; Faler et al. 2002, 2003, 2004). Instead,
several of these fish overwintered in the lower 10–16 km of the
Tucannon River.
Bull trout in the Tucannon River are fortunate because their
headwater spawning areas are protected within the WenahaTucannon wilderness area in the Blue Mountains, Umatilla
National Forest. However, significant habitat degradation, associated with irrigation diversions and loss of riparian cover has occurred in the lower Tucannon River. This has complicated the life
cycle of fluvial bull trout that matured or overwintered in that section of the river.
Young-of-the-year (age 0) and juvenile bull (age 1–3) bull trout
populations (±95% CI) were estimated at 3,524 (±335) and 1,329
(±38) respectively in the Tucannon River above the Tucannon Fish
Hatchery in 1991 (Martin et al. 1992). Densities averaged 3.9 age 0
fish and 1.5 age 1–3 fish/100 m² in the 91,077 m² of habitat surveyed
(Martin et al. 1992). In 1992, the U.S. Forest Service counted 142
juvenile bull trout in Cummings Creek, (tributary of the Tucannon
River) during snorkeling surveys but made no redd counts.
Bull trout spawning has been documented in the upper
Tucannon mainstem (RKM 78–93) and five tributaries (Bear, Cold,
Panjab, Sheep and Turkey creeks) (Table 16.93). Bull trout redd
counts in the upper Tucannon mainstem totaled 1,410, averaged 94
redds per year and ranged from 47 to 142 redds per year from 1991
to 2005, excepting 1993 when redd counts were not made (Martin
et al. 1992; Underwood et al. 1995; Duff et al. 1995, 1997; Gepart and
Nordheim 2001; Mendel et al. 2001). Bull trout redd counts were
made in Bear Creek from 1994–2005, except in 2001. Over the 11
year period, counts totaled 322 redds, averaged 29 redds per year,
and ranged from 4–51 redds per year. Redd counts were made at
Meadow Creek from 1995–2005, except in 2001. Over the 10 year period, counts totaled 60 redds, averaged 6 redds per year and ranged
from 0–20 redds per year. Redd counts were made in Panjab Creek
from 1995–1998 and 2002–2005. Over the 8 year period, counts
totaled 53 redds, averaged 7 redds per year and ranged from 0–19
redds per year. Redd counts averaged 2 per year (n = 2 years) in Cold
Creek, 3 per year (n = 2 years) in Sheep Creek, 6 per year (n = 3 years)
in Turkey Creek and 4 per year (n = 2 years) in Little Turkey Creek.
Only one bull trout has been recorded from Alkali Flat Creek,
which is located across the Snake River and upstream from the
Tucannon River in Whitman County, Washington. This fish,
which was equipped with a radio transmitter, did move from the
Tucannon River into the Snake River (Faler et al. 2004). Bull trout
have not been reported from Penewawa, Almota, or Steptoe creeks
(Whitman County) or Deadman Creek (Garfield County).
Bull trout occur in several Washington tributaries of the Snake
River between Lower Granite and Hells Canyon Dams, including
Asotin Creek (Martin et el. 1992) and the Grande Ronde River
(Buchanan et al. 1997; Mendel et al. 2006).
Upper Asotin Creek and several of its tributaries in Asotin and
Garfield Counties, Washington, contain bull trout. Presence of juvenile bull trout has been confirmed for the upper mainstem, North
Fork, Middle Fork or North Fork, South Fork of North Fork, Cougar
and Charley creeks. Abundance of juvenile bull trout in the Asotin
drainage was so low that Martin et al. (1992) were not able to collect a sufficient number to obtain population or density estimates.
Spawning has been documented in the North Fork Asotin Creek,
where redd counts were made in 1996 (n = 3), 1997 (n = 0), 1999
(n = 59), and 2005 (n = 10) and in Cougar Creek, where redd counts
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Table 16.93

Bull trout redd counts in the Tucannon River Basin, Columbia and Garfield Counties, Washington, 1990–2005, except in
1993 when no counts were made. - = no count made.

Year

Tucannon
River

Bear
Creek

Cold
Creek

Meadow
Creek

Panjab
Creek

Sheep
Creek

Turkey
Creek

Little Turkey
Creek

1990¹

63

-

-

-

-

-

-

-

1991¹

55

-

-

-

-

-

-

-

1992²

61

-

-

-

-

-

-

-

1993

-

-

-

-

-

-

-

-

1994³

121

10

-

-

-

-

-

-

1995³

100

5

-

2

7

-

-

-

1996³

145

25

-

5

9

-

-

-

1997³

51

23

-

0

4

-

-

-

1998³

104

4

-

0

0

2

8

8

1999³

135

26

2

0

-

-

-

-

2000³

95

49

-

7

-

-

-

-

2001³

68

-

-

-

-

-

-

-

2002³

47

33

-

10

3

-

-

-

2003³

142

49

-

3

11

-

3

0

2004³

137

51

0

20

19

4

6

-

2005³

86

47

-

13

0

Total

1,410

322

2

60

53

6

17

8

94

29

1

6

7

3

6

4

Average

-

References: ¹Martin et al. (1992); ²Underwood et al. (1995); ³Mendel et al. (2006).

were made in 1996 (n = 0) and 1999 (n = 9) (Gephart and Nordheim
2001; Mendel et al. 2006). No redds were recorded when counts were
made in Charley Creek from 1998–2000 (Gephart and Nordheim
2001).
Bull trout occur in tributaries of the Grande Ronde River,
Washington, including, Cougar Creek and Wenaha River (Goetz
1989; Buchanon et al. 1997). The Wenaha River has four tributaries
(Butte, Crooked, North Fork Wenaha and Wenatchee creeks) that
once harbored bull trout (Goetz 1989). These tributaries arise in the
Wenaha-Tucannon Wilderness, Columbia and Garfield Counties,
Washington, and flow south into Oregon to join the Wenaha River.
Bull trout redds were observed in Crooked Creek (n = 5) and North
Fork (n = 15) in 1996 (Northrup 1997). In 2005, bull trout redds
were observed in the North Fork Wenaha (n = 153), Butte Creek
(n = 8) and West Fork Butte Creek (Mendel et al. 2006). However,
recent surveys have been unable to confirm the presence of bull
trout in Wenatchee Creek.
Bull trout are widely dispersed throughout the Pend Oreille/
Clark Fork River Basin, British Columbia, Idaho, Montana and
Washington (Figure 16.46). Distinctive population segments occur
in the Salmo River (British Columbia), Upper Priest River (above
the Outlet Dam on Priest Lake), Lower Priest River (Middle Fork
East River), Pend Oreille Lake (at least 17 tributary populations
that are genetically distinctive), lower Clark Fork River between
Cabinet Gorge (RKM 149.91) and Milltown (RKM 364.4) Dam
(Idaho), Bitter Root River, Swan River, Upper Flathead River (distinct populations in the North, South and Middle Forks), upper
Clark Fork River (above Milltown Dam) and Big Blackfoot River
1394

(Montana) (Figure 16.46). Scholz et al. (2005) synthesized what is
known about bull trout abundance and redd counts in each population segment. Construction of nine dams on the Pend Oreille/
Clark Fork mainstem without fish ladders has blocked migrations
of bull trout with fluvial and adfluvial life histories, thereby fragmenting and isolating bull trout within each population segment.
In Washington, bull trout occur in the Pend Oreille mainstem
in Boundary and Box Canyon Reservoirs, and in a few tributaries
of these reservoirs, (Ashe and Scholz 1992; McLellan 2001). United
States Forest Service personnel also collected bull trout in the
South Fork of the Salmo River in Salmo-Priest Wilderness Area of
the Colville National Forest in the northeast corner of Washington.
Bull trout spawning escapement into the South Fork of the Salmo
River totaled 243, averaged 41 and ranged from 34–52 between 1998
and 2003 (Baxter 2004), which included fish spawning mainly in
British Columbia segments of the South Fork.
Bull trout are rare in Boundary Reservoir, which is located between Boundary (RKM 27.4), and Box Canyon (RKM 55.5) dams.
WDFW found no bull trout in a sample of 59 fish collected by gillnetting at the mouths of Sand and Sweet creeks in 1992 (Peck 1992).
In 1996 and 1997, traps were set at the mouths of selected tributaries. The traps fished a total of 6,497 hours and caught seven fish,
including one bull trout at the mouth of Slate Creek (R2 Resource
Consultants 1998). In 2000, electrofishing and gill net surveys
conducted by Washington Department of Fish and Wildlife and
Kalispel Tribe Department of Natural Resources resulted in the
capture of 1,822 fish but no bull trout (McLellan 2001). In 1996 and
1997, the U.S. Forest Service conducted electrofishing and snorkel-
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Figure 16.46 Bull trout underwater (A, B) in the Flathead River, Montana. Photographs courtesy of Joel Sartore, National Geographic in
collaboration with Wade Fredenburg, USFWS. C) Mating female and male hovering over a redd (the area of clean white
gravel that is directly below and behind the bull trout). Photograph courtesy of Aubrey Benson, fisheries biologist, USFS,
Lolo National Forest.
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ing surveys in Flume, Sand, Slate, Sullivan and Sweet creeks. A total of 713 fish were recorded but no bull trout. In 2000, a total of
139 sites on seven tributaries (Flume, Lime, Pee Wee, Sand, Slate,
Sullivan and Sweet creeks) of Boundary Reservoir were sampled by
backpack electrofishing and/or snorkeling (McLellan 2001). A total
of 1,039 fish were observed, including one bull trout, 300 mm TL,
in Sweet Creek (McLellan 2001).
The Sullivan Creek drainage has been the most intensively surveyed tributary of the Box Canyon Reach. Scholz et al. (2005) summarized several unpublished snorkeling/electrofishing surveys
made between 1979 and 2000. Collectively 5,500 fish were caught
or observed but no bull trout were detected. However, a large bull
trout (757 mm TL) was observed dead on the bank of Sullivan
Creek 0.5 km above its confluence with the Pend Oreille River.
The fish population of Sullivan Lake was sampled by WDFW
using gill nets in 1994 (Mongillo and Hallock 1995) and 2003
(Baldwin and McLellan 2005). No bull trout were caught in either
gill net survey (n = 74 in 1994 and 66 in 2003). In 2003, Sullivan
Lake was sampled at monthly intervals from April to November by
Eastern Washington University and the Kalispel Tribe Department
of Natural Resources (Nine 2005; Nine and Scholz 2005). A total of
3,279 fish, representing 11 species, were captured during 15.2 hours
of electrofishing effort, 72 gill net sets and 4 fyke net sets during
these surveys. No bull trout were caught. Backpack electrofishing surveys of the lower 0.5 km of the lake's two inlet tributaries, Harvey and Noisy creeks, collected no bull trout in samples
of 67 and 143 fish respectively (Nine 2005; Nine and Scholz 2005).
Eighteen sites along the length of Harvey Creek, from its headwaters to the mouth, were surveyed by the Kalispel Tribe Department
of Natural Resources in 2003 but no bull trout were observed.
Bull trout were historically abundant in the Box Canyon Reach
(RKM 55.5–141–5) of the Pend Oreille River between Metaline Falls
and Albeni Falls. Populations became isolated when the reach
was closed by Albeni Falls Dam at the upper end in 1952 and Box
Canyon Dam at the lower end in 1957.
As a result of the construction of Albeni Falls Dam, access to
Pend Oreille Lake was cut off for bull trout that spawned in tributaries below the dam and made allucustrine adfluvial migrations
to Pend O'Reille Lake. Additionally, any bull trout that spawned in
tributaries of Pend Oreille Lake and happened to pass below the
dam were unable to return to spawn in their home tributary.
Fish surveys examined 114,793 fish from Box Canyon Reservoir
between 1987 and 2004. (Barber et al. 1988a, 1988b, 1988c, 1989;
Ashe 1991; Ashe et al. (1991a, 1991b; Bennett and Liter 1991; Ashe
and Scholz 1992; Skillingstad 1993; Skillingstad et al. 1993; Bennett
and Garrett 1994; KNRD and WDFW 1996, 1997, 1998; Scholz 1998;
Bennett et al. 1999; Anderson 2000, 2002; Conner et al. 2001, 2003a,
2003b; Stovall et al. 2001; Anderson and Olson 2003; Geist et al.
2004; Olson and Anderson 2004; Divens and Osborne 2005 and
Scholz et al. 2005). Of these, only 19 were bull trout. Most of the
bull trout (n = 12 of 19) were captured during surveys conducted in
2003 and 2004 in the tailrace below Albeni Falls Dam. A total of
17.5 hours of electrofishing was expended to catch 2,618 fish including the 12 bull trout, for a CPUE of 0.7 bull trout per hour. During
2004, WDFW and the Kalispel Tribe expended 25.5 hours of electrofishing effort to catch 14,657 fish in the remainder of the reservoir.
No bull trout were caught (CPUE = 0.0 bull trout/hour) (Divens
and Osborne 2011). These data suggested that bull trout were not
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uniformly distributed throughout the reservoir. Rather, they were
concentrated in the tailrace below Albeni Falls Dam.
An estimated 40 ±5 bull trout were harvested by sport anglers fishing in the upper 14 km of Box Canyon Reservoir in 1989
(Barber et al. 1990; Scholz et al. 2005). None were caught in the
middle or lower portions of the reservoir.
Twenty of the 22 tributaries entering the Box Canyon reach
have been surveyed for the presence or absence of bull trout by
electrofishing and snorkeling (Barber et al. 1989a, 1989b, 1990;
Ashe et al. 1991; Bennett and Liter 1991; Clark 1991; KNRD and
WDFW 1996, 1997, 1998; Watson et al. 1997; Anderson 2000, 2001;
Lockwood et al. 2001; Pend Oreille County PUD 2000; Conner
et al. 2003a, 2003b; Olson and Anderson 2004; Shuhda 2004;
Scholz et al. 2005). Numerous sites were sampled in each tributary.
Additionally, migration traps were installed at the mouths of 12
different tributaries in an attempt to capture fluvial migrants that
were migrating into or out of them (Scott 1999; Lockwood et al.
2001). Three of the tributaries were monitored for four years, five
for three years, one for two years and four for one year.
Only nine bull trout were observed in a sample of 9,755 total fish from tributaries during electrofishing/snorkeling surveys
(Watson et al. 1997; KNRD and WDFW 1996, 1997, 1998, Anderson
et al. 2000, 2001; Olson and Anderson 2004) and only one bull
trout was collected in a total of 1,219 total fish that entered migration traps (Scott 1999; Lockwood et al. 2001). Bull trout were documented as present in four tributaries: one in Cedar Creek (joins
Box Canyon Reservoir at Pend Oreille River RKM 60.8) in 2003;
seven at LeClerc Creek (RKM 90.4) in 1993, 1994, 1995, 1998, 1999
and 2001; one in Mill Creek (RKM 93.8) in 1995; and one in a migration trap at Indian Creek in 1999. Indian Creek joins the Pend
Oreille River at RKM 130.9, 14 km below Albeni Falls Dam. The bull
trout caught there was a gravid female migrating into Indian Creek
in September. It bore a mark indicating that it was from Trestle
Creek, a tributary of Pend Oreille Lake (Lockwood et al. 2001). The
fish was tagged, released and caught by an angler in the spring of
2000 in the Pend Oreille River, 4 km upstream from Indian Creek.
Bull trout were not detected in most of the tributaries. Only
LeClerc Creek appeared to hold a remnant population. Of the
seven bull trout caught there, three were in the East Fork, two
in the West Fork and two in Fourth of July creeks. One fish observed in the West Fork was a female digging a redd (in 2001).
Additionally, a 653 mm TL fluvial adult bull trout was captured at
the mouth of LeClerc Creek in September 1988 (Barber et al. 1989).
Two fish surveys have been conducted in the segment of the
Pend Oreille River between Albeni Falls Dam and its source at the
outlet of Lake Pend Oreille, Idaho. The first was made by IDFG in
1986 (Horner et al. 1987). Seven gill nets set overnight captured 529
fish but no bull trout. The second survey was made in 1991 and 1992
by the University of Idaho (Bennett and Dupont 1993). A total of 23
species and 45,475 fish were collected, including five bull trout in
23.7 hours of electrofishing and 15,743 hours of gill net sets.
Fish surveys in Lake Pend Oreille and Priest Lake Basins, Idaho
were conducted by: Bjornn (1957, 1961); Jeppson (1960); Klavano
(1960); Mallet (1968); Anderson (1971); Goodnight and Mauser
(1977, 1978, 1979, 1980, 1981, 1982, 1983); Ellis and Bowler (1981);
Mauser and Horner (1982, 1986); Rieman and Horner (1984);
Horner and Rieman (1985); Pratt (1985); Horner et al. (1986, 1987,
1988, 1989); Mauser et al. (1988); Hoelscher and Bjornn (1989);
Maiolie et al. (1991); Bennett and Dupont (1993); Pratt and Huston
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(1993); Paragamian and Ellis (1994); Davis and Horner (1995, 1996);
Saffel and Scarnecchia (1995); Nelson et al. (1996, 1997, 2000);
Rieman and McIntyre (1996); Fredericks et al. (1997, 2000, 2001,
2003); Rieman and Myers (1997); Vidergar (2000); Downs et al.
(2003).
Electrofishing surveys conducted by IDFG in eleven Priest
Lake tributaries in 1984 captured 6,529 bull trout; bull trout were
absent in three tributaries. A resurvey of the same tributaries in
1998 captured 69 bull trout; bull trout were absent in five tributaries (Fredericks et al. 2002). Bull trout redd counts were made by
IDFG in 12 tributaries of upper Priest Lake. The eight year (1992–
1999) average count was 30 redds (range 12–58 redds) per year
(Fredericks et al. 2002).
An adfluvial population of bull trout occurs in Middle Fork East
River, a tributary that joins the Priest River below the outlet of Priest
Lake. Bull trout redds were counted in the Middle Fork East River
and two of its tributaries from 2001–2003. Redd counts were seven
in 2001, 12 in 2002 and 24 in 2003 (Dupont and Horner 2004).
Adfluvial bull trout spawn in tributaries along the North Shore
(Grouse Creek, Pack River, Trestle creeks), East Shore (Gold,
Granite, North Gold and Sullivan creeks) and Clark Fork River
Arm (Johnson, Lightning and Twin creeks) of Pend Oreille Lake.
Several tributaries of Lightning Creek contained spawning bull
trout (Charr, East Fork, Morris, Porcupine, Rattle, Savage and
Wellington creeks). Redd counts were made from (1983 to 2004)
(Fredericks et al. 2001, 2002; Dawns 2003). Counts totaled 14,064
redds, averaged 639 redds per year and ranged from 320 to 881 per
year during the 22 year period. Bull trout were also captured in the
Clark Fork River below Cabinet Gorge Dam (Downs et al. 2003).
Above Cabinet Gorge Dam bull trout occur in the mainstem
and tributaries of the Big Blackfoot, Bitterroot, Clark Fork, lower
Flathead (below Flathead Lake), upper Flathead (above Flathead

Lake) and Swan rivers in western Montana (Brown 1971; Holton
and Johnson 1996; Scholz et al. 2005).
In the Pend Oreille River Basin, British Columbia, bull trout
occur in Waneta Reservoir (RKM 1–9) where six bull trout were
captured in the sample of 115,736 fish collected by electrofishing and gill netting from 1990–1993 (Hildebrand 1992; R.L. & L.
1994). Bull trout were also present in Seven Mile Reservoir (RKM
10–26). Seven were captured in a sample of 44,259 fish examined
in 1994–1995 and 1999–2000 (R.L. & L. 1995, 2001). Additionally,
seven tributaries of Seven Mile Reservoir were surveyed by backpack electrofishing and six bull trout were captured in two of them.
Resident and fluvial bull trout occur in the Salmo River, British
Columbia (BC Hydro 1991; Baxter et al. 1998; Baxter and Nellistijn
2002a, 2002b; Baxter and Baxter 2003; Baxter 2004). In 1974, a
snorkel survey recorded ten bull trout in a sample of 210 fish observed in the lower 16.1 km of the Salmo River (BC Hydro 1991). In
1988, six bull trout were recorded in a sample of 2,659 fish observed
during two snorkel surveys in the lower 10 km of the Salmo River
(BC Hydro 1991). In 1997, electrofishing surveys were conducted
at eight locations in the Salmo mainstem and 20 locations in nine
tributaries (Baxter et al. 1998). A total of 1,179 fish, including 206
juvenile bull trout that ranged from 44–263 mm TL and 0–3 in age,
were captured with 23.2 hours of effort (Baxter et al. 1998).
During these surveys 36 sexually mature bull trout
(506 ±17 mm) and 28 redds were observed in three streams: Salmo
River mainstem (n = 7 redds), Sheep Creek (n = 12), and Clearwater
Creek (n = 9). Redds were not observed in South Fork Salmo River,
Lost or in Waldie, or Stagleap creeks, but concurrent biotelemetry
investigation indicated use of those streams by spawning adults
(Baxter et al. 1988). Bull trout in the Salmo drainage totaled 633
fish, averaged 106 per year and ranged from 79–131 fish per year
from 1988–2000 (Baxter 2004).
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BROOK TROUT
Salvelinus fontinalis (Mitchell, 1814)
Primary Identification

Confirming Characters

1.

Adipose fin present.

1.

Vermiculations (worm-like markings) on back.

2.

Axillary process present at front end of pelvic fin.

2.

3.

Light spots (white, yellow, orange, red, sometimes in
white or blue haloes) on dark background.

Tail square or nearly so (i.e. shortest caudal ray >¾
length of longest caudal ray).

3.

No crest on vomer.

4.

Leading edge of pectoral, pelvic and anal fins with
contrasting white margin and interior black bar.

Figure 16.47 Brook trout, Marshall Creek, Spokane County, WA. Inset shows vermiculations on back..

Similar Species

Pronunciation

Similar to three other salmonids that have light spots on a dark
background.

Salvelinus - Săl-vĕl-ī-nūs

1.

2.

Lake trout have deeply forked tails (i.e. shortest
caudal ray <½ length of longest caudal ray). Lake
trout lack vermiculations and have only white spots.
Leading edges of their pectoral, pelvic and anal fins
have faint (translucent) white bars or are colorless
and lack the interior black bar.
Bull trout and Dolly varden trout have only red/orange spots.

fontinalis - fŏnt-ĭn-ăl-ĭs (font-in-alice)

Common Name(s)
Brook trout (AFS name); Eastern brook trout, char or charr; brook
char or charr; brookie; speckled trout (especially in Canada); eastern speckled trout, sea trout (refers to brook trout with anadromous life history); mountain trout (eastern United States); aurora
trout. I believe it would be more descriptive and informative to
employ the common name brook charr for this species.

Etymology

Systematic Notes

Salvelinus: Latinized version of an old Scandinavian name for
charr.

The brook trout was first described by Mitchill (1815: 435) as Salmo
fontinalis. The specimen was a resident (freshwater) form from a
river in New York state. Salmo alleganiensis (Rafinesque 1820b: 44)
and Salmo nigrescens (Rafinesque 1820b: 45) were placed in synonymy with Salmo fontinalis by Günther (1866: 152).
Richardson (1836: 169) erected the genus Salvelinus. Jordan and
Copeland (1878: 430) classified brook trout in that genus under the
name Salvelinus fontinalis (Mitchill) and also synonymized Salmo
alleganiensis and Salmo nigrescens with Salvelinus fontinalis. In

fontinalis: (L.) font- = a fountain or spring. –in - = in. -alis = pertaining to. Translates as “found in springs” or living in springs” in
reference to the preferred habitat of this species being cold water
springs, or streams with hyporeic discharge of upwelling groundwater into headwater tributaries.
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adopting the name Salvelinus, Jordan and his coworkers, emphasized the distinctive light spots on dark background and variegated
colors of members of this genus. “The members of this genus are
by far the most attractive and handsome of the trout, and live in the
coldest, clearest and most secluded waters. No higher praise can be
given to a salmonid than to say it is a charr,” (Jordan and Evermann
1896).
Suckley (1862b: 310) described a sea run specimen of brook
trout, which he named Salmo hudsonicus (the sea trout). Suckley
(1874: 119) himself recognized that sea trout might simply be a
color variant of the brook trout but did not change his scientific
name. Jordan and Evermann (1896: 507) considered Salmo hudsonicus to be a junior synonym of Salvelinus fontinalis. Subsequently,
Hubbs (1926: 17) regarded the sea trout to be a subspecies of brook
trout, Salvelinus fontinalis hudsonicus. Wilder (1952) reviewed the
nomenclatural history and investigated the systematic relationship between the resident (freshwater) and sea run forms of brook
trout. He concluded that the two forms were not taxonomically
distinct, so Hubbs’ subspecies name fell out of use.
Garman (1885: 20) named a lake dwelling form of brook trout
from Lake Monadnock (Dublin Pond) New Hampshire Salvelinus
agassizii. Its bright color, which was an adaptation to its lacustrine
environment, masked the typical brook trout color, particularly
the red spots in pale blue haloes. Jordan (1886: 83) recognized it
as a brook trout. Jordan and Evermann (1896–1900: 507) referred
to it as a subspecies of brook trout Salvelinus fontinalis agassizii
(Garman). Jordan et al. (1930: 60) did not recognize the subspecies
as a different taxon.
Another non-speckled form of brook trout, the aurora trout,
from Ontario was named Salvelinus timagamiensis by Henn and
Rickenbach (1925: 131). Sale (1967) re-examined the taxonomic position of the aurora trout and reduced it to a subspecies of brook
trout, Salvelinus fontinalis timagamiensus. Scott and Crossman
(1967: 8 and 1973: 213) considered the aurora trout to be a junior
synonym of Salvelinus fontinalis. Behnke (1972) and Scott and
Crossman (1973) noted that this stock was presumed to be extinct.
DeKay (1842: 244) classified brook trout into the genus Baione
but Jordan and Evermann (1896–1900: 506) thought Baione was a
junior synonym of Salvelinus. Vladykov (1954: 928) and Slastenenko
(1958) attempted to revive Baione as a subgenus of Salvelinus, i.e.
Salvelinus (Baione) fontinalis, but they did not receive the support
of the AFS Committee on Names of Fishes (Bailey et al. 1960, 1970;
Robins et al. 1980). More recently, Behnke (1972, 1980: 472, 475)
resurrected the subgenus Baione but again the AFS committee did
not accept this diagnosis (Robins et al. 1991).
Behnke (1980) further noted that the brook trout was characterized by two major life history types. One type was a resident
freshwater form that occupied small brooks in the southern portion of its range (south of the Great Lakes and New England). The
other type was a migratory life history variant that occurred in the
northern portion of the range. The latter form was represented by
fluvial, adfluvial, anadromous and lake spawning stocks.

Salvelinus fontinalis (Mitchill)

Jordan and Copeland (1878: 430); Jordan (1880: 273); Jordan and
Gilbert (1882: 320); Jordan (1886: 83); Evermann (1893: 52) ~ introduced in Yellowstone National Park; Jordan and Evermann
(1896–1900: 506; 1902: 207); Henshall (1906: 5, 9) ~introduced
in Montana; Evermann and Goldsborough (1907: 103); Jordan
(1907: 333); Ellis (1914: 84) ~introduced in Colorado; Whitehouse
(1919: 52) ~ introduced in Alberta; Hubbs (1926: 17); Jordan et
al. (1930: 69); Schultz (1934: 3,782; 1936: 38; 1942: 21); Dymond
(1936: 63) ~introduced in British Columbia; Schultz and DeLacy
(1935/1936: 374) ~introduced in Washington and Oregon; Simon
and Simon (1939: 48) ~introduced to Wyoming (spelled Mitchill
“Mitchell”); Snyder (1940: 137); Vladykov (1954: 995); Carl and
Clemens (1948: 62); Hildebrand (1949: 9); Wilder (1952: 169);
Beckman (1953: 24) ~introduced in Colorado; Koster (1957: 33)
~introduced in New Mexico; Troutman (1957: 78, 191; 1981: 84,
224); Carl et al. (1959: 63); Shapovalov et al. (1959: 171); Symington
(1959: 2) ~introduced in Saskatchewan; Bailey et al. (1960: 12;
1970: 17); Clemens and Wilbey (1961: 113); McPhail and Lindsey
(1970: 155); Paetz and Nelson (1970: 87) ~introduced to Alberta;
Scott and Crossman (1973: 208; 1998: 74); Eddy and Underhill
(1974: 161); Maughan and Laumeyer (1974: 174) ~Marshall Creek
Spokane County, WA; Moyle (1976: 148; 2002: 300) ~introduced
to California; Wydoski and Whitney (1979: 47; 2003: 100) ~ introduced in Washington; Cavender (1980: 295); Lee et al. (1980:
114); Morrow (1980: 53) ~introduced in Alaska; Robins et al.
(1980: 19); Phillips et al. (1982: 89); Simpson and Wallace (1982:
20) ~introduced in Idaho; Becker (1983: 316); Cooper (1983: 67);
Robinson and Buchanan (1984: 127) ~ introduced to Arkansas;
Sigler and Sigler (1987: 131) ~introduced to Great Basin; Sublette
et al. (1990: 70) ~introduced in New Mexico; Page and Burr
(1991: 48); Nelson and Paetz (1992: 280); ~introduced in Alberta;
Baxter and Stone (1995: 192) ~introduced in Wyoming; Sigler
and Sigler (1996: 208) ~introduced to Utah in 1875.

Salvelinus fontinalis (Mitchill, 1814)

Hubbs et al. (1979: 7); Robins et al. (1991: 28); Mecklenburg et
al. (2002: 197); Nelson et al. (2004: 86); Scholz and McLellan
(2009: 201; 2010: 453).

Baione fontinalis

DeKay (1842: 244); Slastenenko (1958: 82).

Salvelinus (Baione) fontinalis

Vladykov (1954:904); Slastenenko (1988: 82); Behnke (1965: 245).

Salvelinus fontinalis fontinalis

Simon (1951: 44) ~ introduced in Wyoming.

Salvelinus fontinalis

Regan (1920: 25); Keil (1928: 108) ~introduced in Idaho; Locke
(1929: 188); Chapman (1942: 11) ~introduced and abundant
in tributaries of Spokane River, WA; Rounsefell (1962: 265);
Maughan (1967: 78) ~Clearwater River, Idaho; Patten et al.
(1970: 6) ~present in Yakima River, WA; Brown (1971: 59) ~
introduced in Montana; McGinnis (1984: 131) ~ introduced in
California; Rhode et al. (1994: 135); Holton and Johnson (1996:
65) ~introduced in Montana; Behnke (2002: 275).

Scientific Synonyms
Salmo fontinalis original description.
Mitchill (1815: 435).

Salmo fontinalis Mitchill

Salmo agassizi sp. nov.

Richardson (1836: 176); Günther (1866; 152); Suckley (1874: 123).
A. T. Scholz

Garman (1885: 20).
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Salvelinus fontinalis agassizii (Garman)
Jordan and Evermann (1896–1900: 507).

Salmo alleganiensis sp. nov.
Rafinesque (1820b: 44).

Salmo hudsonicus sp. nov.
Suckley (1862b: 310).

Salmo hudsonicus Suckley

Günther (1866: 153); Suckley (1874: 119).

Salvelinus fontinalis hudsonicus
Hubbs (1926: 17).

Salvelinus timagamiensis (Henn and Rickenbach)
Scott and Crossman (1967: 8).

Salmo timagamiensis hudsonicus
Hubbs (1926: 17).

Salmo nigrescens sp. nov.
Rafinesque (1820b: 45).

Distribution and Stock Status
The brook trout was endemic to eastern North America. It’s native range extended from Hudson and Ungava bays in the North,
south to Tennessee and northern Georgia, and from the Atlantic
seaboard in the east, west to the upper Mississippi River. The species has been widely introduced outside of its native range. The
native and introduced distributions of brook trout were described
by MacCrimmon and Campbell (1969) MacCrimmon et al. (1975),
and Fuller et al. (1999).
In Canada, it was native to the Hudson Bay drainage of
Manitoba and throughout most of the provinces of Ontario,
Quebec, Newfoundland, Labrador, New Brunswick, Nova Scotia
and Prince Edward Island. It was introduced into southern and
western Manitoba, Saskatchewan, Alberta, and British Columbia
(Scott and Crossman 1973). In the United States, the brook trout
was native in 23 states in the New England, Appalachian Mountains,
Great Lakes and Upper Mississippi Valley regions (Lee et al. 1981;
Fuller et al. 1999). It was introduced into 22 states, including all of
the states west of the Mississippi River (even Alaska and Hawaii),
except for Louisiana and Oklahoma (Fuller et al. 1999). Naturally
reproducing populations of brook trout have become established
in many headwater streams where it was introduced in the northern Rockies and Cascade Mountains.
Brook trout were introduced throughout eastern Washington
by the U.S. Bureau of Fisheries, the National Forest Service, the
Washington Department of Fish and Wildlife, and County Fish
Commissions. Private citizens also received fish from the Bureau
of Fisheries and permission to plant them from the old Washington
Department of Fish and Game.
Brook trout were first introduced in Washington by the United
States Fish Commission (USFC) in 1894 (Smith 1896). All of these
fish (n = 4,976) were planted into water bodies on the western
slopes of the Cascade Mountains. In 1896, the USFC made its first
plants of brook trout in eastern Washington, with 4,000 put in the
Little Spokane and Colville rivers (Kershaw 1904). In 1899, 1,000
were planted in the Yakima Basin, 3,500 into Rock Creek (Palouse
River Basin, Whitman County), 1,500 in the Upper Spokane River
1400

(Spokane County), 3,000 in Wilber Creek (Upper Crab Creek
Basin, Lincoln County), 1,500 in the Columbia River at Wenatchee
and 1,500 in the Little Spokane River (Spokane County) (Kershaw
1904). In 1900, the Touchet River (Walla Walla Basin), Ahtanum
River (Yakima Basin) and the Little Spokane River received plants
of 1,000, 1,000 and 8,000 brook trout respectively (Kershaw 1904).
From 1901 to 1904, plants totaling 19,500 brook trout were made
in Cannawai Creek, Wilson Creek, and Crab Creek (Upper Crab
Creek Basin, Lincoln County) (Kershaw 1904). Also, brook trout
were stocked in the Little Spokane (Spokane County), Pend Oreille
(Pend Oreille County), Sanpoil (Ferry County), and White Salmon
(Klickitat County) rivers during this time (Kershaw 1904).
From 1896 to 1920, the USFC and its successor, the United States
Bureau of Fisheries (USBF), published detailed annual records of
kinds, numbers, and locations of fish planted. During this interval the federal government made 113 plants totaling 468,897 brook
trout into 16 eastern Washington counties (Ravenel 1896, 1898a,
1898b, 1899, 1900, 1901, 1902; Bowers 1900, 1907; Titcomb 1904,
1905; United States Bureau of Fisheries 1905, 1906, 1907, 1909, 1913;
O’Malley 1917, 1919; Leach 1920, 1921).
From 1921 to 2001, the USBF and its successor, the United States
Fish and Wildlife Service (USFWS), published records of total
numbers of fish stocked (by species) from federal hatcheries into
each state. During this interval (1921–2001 inclusive), a total of
25,689,785 brook trout were stocked in Washington (Leach 1822,
1923, 1924, 1925, 1926, 1927, 1928, 1929, 1930, 1931, 1932, 1933, 1934;
Leach et al. 1939, 1941, 1943; James et al. 1944, 1945; Mechean et
al. 1952; Duncan and Mechean 1953, 1954; Branch of Game Fish
and Hatcheries 1956; Branch of Fish Hatcheries 1958, 1960, 1962;
Division of Fish Hatcheries 1964, 1967, 1968, 1970, 1971, 1972a, 1972b,
1974, 1975, Division of National Fish Hatcheries 1976, 1979, 1980a,
1980b, 1980c; Division of Fish Hatcheries and Fisheries Research
Management 1981, 1982, 1983; Division of Program Operations
1984; Jantz et al. 1985; Dunkhe et al. 1986, 1988, 1989; Turner et al.
1990, 1991, 1992, 1993; Beattie et al. 1994, 1995, 1996; Clark et al.
1997; USFWS Fish Stocking Database 1997–2001). These numbers
included all brook trout stocked between 1921 and 1991, with the
exception of 1939 and 1984 for which no records were found. The
last year USFWS stocked brook trout in Washington was 1991.
Commencing in 1925, the USBF developed a cooperative agreement with the United States Forest Service (USFS) and National
Park Service (NPS) to plant fish into public waters on the National
Forests and in National Parks. In the Pacific Northwest, USFS personnel used trains of pack mules outfitted with milk containers to
transport brook trout to remote headwater tributaries in the mountains (Leach 1928). It was hoped that intentional seeding of headwaters with eyed eggs or fry would result in the eventual distribution
of fish throughout the drainage when fish moved volitionally or
accidentally downstream. Only fragmentary information is available in the federal fish stocking reports about the species, numbers
and locations of stocking. Brook trout and Yellowstone cutthroat
trout were the two favorite species distributed in this manner. This
strategy led to the establishment of naturally reproducing populations of brook trout in streams of the National Forests throughout
the Pacific Northwest (Chapman 1942; Fuller et al. 1999). In many
small headwater tributaries brook trout have replaced native cutthroat trout and bull trout (Fuller et al. 1999). Brown trout were
also planted in many of the same streams where brook trout were
stocked. A good example of this was in tributaries of the Pend

Fishes of Eastern Washington: A Natural History

Subfamily Salmoninae

Oreille River. In several of these tributaries brown trout were most
abundant in the lower reaches whereas brook trout were most
abundant in the middle and upper (headwater) reaches (Barber et
al. 1988, 1989, 1990; Ashe et al. 1991; Ashe and Scholz 1992).
In addition to federal brook trout plants, the Washington
Department of Fish and Game (WDFG) began to rear and stock
brook trout from state hatcheries. Also, many eastern Washington
counties had Fish and Game Commissions that operated their
own county hatcheries during the first few decades of the 20th
century. From 1890 to 1922, fish stocked by the state and counties
was documented in annual or biennial reports of the State Fish
Commissioner (Crawford 1890, 1891, 1892, 1893, 1894, 1895, 1896,
1898, 1901; Kershaw 1904, 1904; Riseland 1907, 1909, 1911, 1913;
Darwin 1916a, 1916b, 1917c, 1918, 1919, 1920, 1921a, 1921b; Dibble and
Kenney 1923; Seaborg and Dibble 1924). These reports contained
detailed records of species, numbers and locations where fish
planted throughout the state by state hatcheries, county hatcheries, and private individuals who obtained permits from WDFG for
planting fish. Brook trout were first planted in eastern Washington
by WDFG in 1907. From 1907 to 1922, the reports documented
that a total of 27,733,204 brook trout were planted at 450 locations
in 21 eastern and central Washington counties. Numerous locations were planted on multiple occasions. Numbers of brook trout
stocked in each county during this period were: Adams (744,655
at 7 sites), Asotin (498,000 at 8 sites), Benton (30,000 at 1 site),
Chelan (750,900 at 30 sites), Columbia (723,100 at 9 sites), Franklin
( 0 at 0 sites), Garfield (804,005 at 5 sites), Grant (782,000 at 7
sites), Kittitas (2,588,000 at 43 sites), Klickitat (606,315 at 8 sites),
Lincoln (1,267,200 at 8 sites), Okanogan (2,041,928 at 55 sites),
Pend Oreille (4,374,200 at 71 sites), Skamania (215,800 at 16 sites),
Spokane (2,315,206 at 27 sites), Stevens (6,432,100 at 81 sites), Walla
Walla (651,894 at 11 sites), Whitman (321,200 at 8 sites), and Yakima
(1,168,200 at 10 sites).
I have been unable to locate any state plant records for the period from 1922 to 1932. Reports by the state supervisor of Fisheries
for that period (Seaborg and Dibble 1924; Pollock 1925; Maybury
1928, 1930; Pollock 1932) did not contain and information regarding fish planted from state trout hatcheries. During that time
gamefish (sport fish), including steelhead, plants in interior waters were being administered by the Game Division within the
Washington Department of Fish and Game. Salmon and other
commercial fisheries in Puget Sound, the coast, and Columbia
River were administered by the Fisheries Division within the
Washington Department of Fish and Game. In 1933, the WDFG
split into two Departments, Fisheries (WDF) and Game (WDG).
Fish plants in eastern Washington were documented as total numbers of fish planted by species in each in each county in biennial
reports prepared by the Director of the Game Department and
Washington Game Commission (Lally et al. 1934, 1936; McCauley
et al. 1938, 1940, 1942, 1944; Clarke et al. 1948, 1950; Bennington et
al. 1952; Bigg et al. 1954; Bernard et al. 1955, 1956; Seward et al. 1958;
Coffin et al. 1960; Washington Department of Game 1962, 1964,
1966, 1968). Some additional records were noted by Crouse (1971,
1972, 1973, 1974, 1975), Larson (1976, 1977, 1978), Lockhard (1981,
1983), Wayland (1985, 1987), and Smitch (1991). The data (planting
sheets) upon which these reports were based were collected into
a computerized data base which contains information about data
species, numbers and locations of fish stocked by county. Data is
available from 1933 to the present, during which time the Game

Department became the Department of Wildlife (WDW) in 1985,
before again merging with the Fisheries Department to become
the Washington Department of Fish and Wildlife (WDFW) in 1992.
Brodie Cox (WDFW, Olympia, Washington, pers. comm.) interrogated the WDFW fish stocking data base to determine the total
number of brook trout stocked in eastern and central Washington
counties, from 1933 to 2004. WDFW or its predecessor agencies
(WDG or WDW) stocked 64,987,825 brook trout into 20 counties.
Numbers of brook stocked by county were: Adams (245,265),
Asotin (0), Benton (2,090), Chelan (3,112,699), Columbia (143,303),
Douglas (404,203), Ferry (9,512,834), Franklin (12,505), Garfield
(15,997), Grant (1,040,063), Kittitas (5,119,728), Klickitat (864,367),
Lincoln (667,983), Okanogan (19,177,731), Pend Oreille (10,433,126),
Skamania (4,736,740), Spokane (2,854,868), Stevens (1,315,967),
Walla Walla (23,985), Whitman (252,310), and Yakima (5,052,061).
It is uncertain why brook trout continued to be stocked throughout this period because by 1938 brook trout had established many
naturally reproducing populations throughout eastern and central
Washington (Chapman 1942). Brook trout accounted for 8.0% and
14.1% of all sportfish checked by WDG in 1938 and 1939 respectively
(Chapman 1942).
The first brook trout planted by WDFG were obtained from the
Paradise Brook Trout Company in Henryville, Pennsylvania but by
1913 eggs were being collected from several eastern Washington Lakes
that had been stocked by federal, state or county agencies between
1905 and 1910 (Crawford 1979). From 1919 to 1964 eggs were collected
from brook trout in Owhi Lake on the Colville Indian Reservation
and raised at WDFG hatcheries in Spokane or Ford, Washington
(Crawford 1979). Egg take numbered 15 million in some years, but was
more frequently 2–8 million. After 1964, a hatchery brood stock was
developed from Owhi Lake brook trout at Ford Hatchery. WDFW has
intentionally reduced plants of brook trout in recent years because of
their potential for competing or hybridizing with native bull trout.
Brook trout are not abundant in the Columbia mainstem reservoirs. For example, no brook trout were among 4,044 total fish sampled in Priest Rapids Reservoir or 54,069 fish sampled in Wanapum
Reservoir by a combination of electrofishing, gill netting, beach seining and minnow trapping in May,. August, and September 1999 (Pfeifer
et al. 2001). None were sampled by electrofishing in each of the following tributaries of Priest Rapids and Wanapum Reservoirs: Coleckum
(n = 57 total fish captured), Casey (n = 12), Hansen (n = 19), Irrigation
Return Channel (n = 86), Johnson (n = 74), Quilomene (n = 41), Sand
Hollow (n = 30), Skookumchuck (n = 84), Tarpiscan (n = 68), Trinidad
(n = 36) or Whiskey Dick (n = 331) creeks(Pfeifer et al. 2001).
Brook trout (n = 23) were among 7,697 total fish captured by
electrofishing and beach seining in Chief Joseph (Rufus Woods)
Reservoir in 1999 (Gadomski et al. 2004).
In Lake Roosevelt, brook trout, 73–476 mm TL, comprised 1%
of the relative abundance of all fishes sampled (n = 327 of 32,615)
during electrofishing surveys conducted by EWU primarily at the
mouths of tributary streams during a 9 year interval between 1998
and 2005 (McLellan and Scholz 2001, 2002, 2003; McLellan et al.
2001, 2004, 2005, 2006). Brook trout comprised 0.2% of the relative abundance of all fishes sampled (n = 223 of 91,875) during electrofishing and gill net surveys conducted by the Spokane Tribe of
Indians and Colville Confederated Tribes in Lake Roosevelt during an 18 year interval between 1988 and 2005 (Peone et al 1991;
Griffith and Scholz 1991; Thatcher et al. 1993, 1994; Underwood and
Shields 1996a, 1996b; Underwood et al. 1996; Cichosz et al. 1997,
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1998; Spotts et al. 2003; McLellan et al 2003; Lee et al. 2003; Scofield
et al. 2004; Fields et al. 2004; Pavlik-Kunkel et al. 2005; Lee et al.
2006; Miller 2006a, 2006b, 2006c; Scofield et al. 2007).
Brook trout (n = 10,000) were first stocked in the Pend Oreille
River at Newport, Washington in 1902 (Kershaw 1904). Other
early federal plants in Pend Oreille County included: 1,000 brook
trout to Cusick Creek on the Kalispel Indian Reservation in 1905
(Titcomb 1906) and 1,500 in Thompson's Pond near Newport,
Washington in 1907 (U.S. bureau of Fisheries 1908). In 1910 brook
trout were planted at Bead (n = 6000) and Mystic lakes (n = 6000)
(U.S. Bureau of Fisheries 1911). In 1913, brook trout were planted in
Sullivan Lake (n = 800) and Davis Creek (n = 400) (Jackson 1914).
Early state plants of brook trout in the Pend Oreille Basin, Pend
Oreille County, included: 25,000 in Bead Lake in 1922; 30,000
in Big Muddy Creek in 1921 and 1922; 20,000 into the Boundary
Reservoir reach of the Pend Oreille River in 1922; 178,400 in
Calispell Creek in 1913, 1914, 1916, 1919, 1929, 1921 and 1922; 20,000
in Calispell Creek (West Branch) in 1916; 35,000 in Cedar Creek in
1921 and 1922; 160,000 in Crescent Lake in 1919–1022; 30,000 into
Davis Creek in 1921; 185,000 in Davis Lake in 1914–1916, 1919 and
1922; 20,000 in Flume Creek in 1916; 64,000 in Harvey Creek in
1921; 91,800 in Indian Creek in 1919, 1921, and 1922; 20,000 in Ione
Mill Pond in 1920; 395,000 in Kings Lake in 1916, 1919, 1920, and
1922; 135,000 in LeClerc Creek in 1916, 1919, 1920, and 1922; 20,000
in Lime Creek in 1916; 55,000 in Lost Creek in 1913, 1914, 1916 and
1920; 280,000 in Marshall Lake in 1914, 1916 and 1919–1922; 15,000
in Mill Creek in 1921; 20,000 in Mystic Lake in 1914; 170,000 in
North Skookum lake in 1919–1922; 60,000 in Ruby Creek in 1916,
1921 and 1922; 105,000 into Skookum Creek in 1919 1922; 12,000 in
Skookum Creek (South Branch) in 1916; 30,000 in Skookum Creek
(West Branch) in 1916; 115,000 into Skookum Lake in 1913, 1914,
and 1916; 190,000 into South Skookum Lake in 1919–1922; 85,000
in Smalle Creek in 1916 and 1920–1922; 15,000 in Smalle Lake in
1916; 10,000 in Sweet Creek in 1921; 145,000 in Tacoma Creek in
1916, 1919, 1921 and 1922; 5,000 in Tiger Creek in 1914; 35,000 in
Winchester Creek in 1916 and 1920; and 205,000 in Yocum Lake in
1913, 1916, 1919, 1920 and 1922 (Darwin 1916, 1917, 1920, 1921; Dibble
and Kinney 2003).
At present, naturally reproducing (self-sustaining) brook trout
populations occur in most tributaries of the Pend Oreille River,
Washington (Barber et al. 1989a, 1989b, 1989c, 1990; Ashe 1991;
Ashe et al. 1991a, 1991b; Bennett and Liter 1991; Clark 1991; Ashe
and Scholz 1992; KNRD and WDFW 1996, 1997, 1998; Watson et
al. 1997; Scott 1999; Anderson 2000, 2001; McLellan 2001; Pend
Oreille County PUD 2000; Conner et al. 2003a, 2003b; Olson and
Anderson 2004; Scholz et al. 2005).
In the Pend Oreille River basin, the Kalispel Tribe has surveyed 99 tributaries of the Pend Oreille River between 1996 and
2007 (Connor et al. 2003a, 2003b, 2005, 2006; Olsen et al. 2003,
2004, 2005, 2006, 2007; Andersen et al. 1999, 2002; Donley and
Lockwood 1997; Lockwood et al. 2000; Andersen and Maroney
2001a, 2001b, 2001c, 2002a, 2002b, 2002c; Maroney and Anderson
2000a, 2000b, Olson and Anderson 2003). Brook trout were present in 68 of them:
•
•
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Bracket Creek: occurred in 1 or 3 reaches
sampled. Average density = 13/100 m²;
Browns Creek: occurred in 2 of 12 reaches
sampled. Average density = 17/100 m²;

•

Burnt Creek: occurred in 1 of 3 reaches sampled.
Average density = 8/100 m²;

•

Calispell Creek: occurred in 17 of 17 reaches
sampled. Average density = 19/100 m²;

•

Calispell Creek (Middle Fork): occurred in 9 of
10 reaches sampled. Average density = 46/100 m²;

•

Calispell Creek (tributaries of Middle Fork):
occurred in 11 of 18 reaches sampled. Average
density = 16/100 m²;

•

Canyon Creek: occurred in 2 of 2 reaches
sampled. Average density = 6/100 m²;

•

Cedar Creek: occurred in 5 of 14 reaches
sampled. Average density = 4/100 m²;

•

Cee Cee Ah Creek: occurred in 7 of 15 reaches
sampled. Average density = 4/100 m²;

•

Cooks Creek: occurred in 4 of 4 reaches sampled.
Average density = 67/100 m²;

•

Cusick Creek: occurred in 7 of 7 reaches sampled.
Average density = 74/100 m²;

•

Davis Creek: occurred in 6 of 10 reaches sampled.
Average density = 20/100 m²;

•

Deer Creek: occurred in 2 of 2 reaches sampled.
Average density = 56/100 m²;

•

Diamond Fork Creek: occurred in 1 of 6 reaches
sampled. Average density = 4/100 m²;

•

East Creek: occurred in 3 of 3 reaches sampled.
Average density <1/100 m²;

•

East River (North Fork): occurred in 9 of 11
reaches sampled. Average density = 8/100 m²;

•

East River (Middle Fork): occurred in 5 of 9
reaches sampled. Average density = 3/100 m²;

•

Fourth of July Creek: occurred in 1 of 8 reaches
sampled. Average density = <1/100 m²;

•

Granite Creek (South Fork): occurred in 2 of 11
reaches sampled. Average density = <1/100 m²;

•

Gypsy Creek: occurred in 1 of 4 reaches sampled.
Average density = <1/100 m²;

•

Indian Creek: occurred in 4 of 4 reaches sampled.
Average density = 8/100 m²;

•

Jim Creek: occurred in 1 of 4 reaches sampled,.
Average density = 10/100 m²;

•

John's Creek: present;

•

Kent Creek: occurred in 3 of 3 reaches sampled.
Average density = 104/100 m²;

•

Keokee Creek: occurred in 1 of 3 reaches sampled.
Average density = <1/100 m²;
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•

LeClerc Creek (East Branch): occurred in 14 of 17
reaches sampled. Average density = 7/100 m²;

•

Tacoma Creek: occurred in 15 of 25 reaches
sampled. Average density = 2/100 m²;

•

LeClerc Creek (Middle Branch): occurred in 9 of
9 reaches sampled. Average density = 76/100 m²;

•

Tacoma Creek (South Fork): occurred in 8 of 12
reaches sampled. Average density = 3/100 m²;

•

LeClerc Creek (West Branch): occurred in 10 of
14 reaches sampled. Average density = 8/100 m²;

•

•

LeClerc Creek (4 unnamed tributaries of East
branch): occurred in 3 of 4 reaches sampled.
Average density = 8/100 m²;

Tacoma Creek (North Fork of South Fork):
occurred in 7 of 7 reaches sampled. Average
density = 7/100 m²;

•

•

Little Skookum Creek: occurred in 1 of 2 reaches
sampled. Average density = 3/100 m²;

Tacoma Creek (small unnamed tributary fork):
occurred in 4 of 18 reaches sampled. Average
density = 1/100 m²;

•

•

Little Tacoma Creek: occurred in 3 of 6 reaches
sampled. Average density = 3/100 m²;

Tarlac Creek: occurred in 1 of 3 reaches sampled.
Average density = <1/100 m²;

•

•

Lodge Creek: occurred in 1 of 2 reaches sampled.
Average density = 24/100 m²;

Ten Mile Creek: occurred in 6 of 7 reaches
sampled. Average density = 18/100 m²;

•

•

Maitlen Creek: occurred in 1 of 3 reaches
sampled. Average density = 11/100 m²;

Ten Mile Creek (North Fork): occurred in 1 of 1
reaches sampled. Average density = 16/100 m²;

•

•

McCloud Creek: occurred in 1 of 1 reaches
sampled. Average density = 166/100 m²;

Trimble Creek: occurred in 2 of 5 reaches
sampled. Average density = 19/100 m²;

•

•

Mill Creek: occurred in 2 of 13 reaches sampled.
Average density = 3/100 m²;

Whiteman Creek: occurred in 6 of 8 reaches
sampled. Average density = 14/100 m²;

•

•

Mineral Creek: occurred in 3 of 4 reaches
sampled. Average density = 11/100 m²;

Winchester Creek: occurred in 11 of 11 reaches
sampled. Average density = 25/100 m².

•

Pass Creek: present;

•

Rainy Creek: occurred in 1 of 2 reaches sampled.
Average density = 1/100 m²;

•

Ruby Creek: occurred in 11 of 12 reaches sampled.
Average density = 6/100 m²;

•

Sandwich Creek: occurred in 2 of 2 reaches
sampled. Average density = 61/100 m²;

•

Seco Creek: occurred in 3 of 3 reaches sampled.
Average density = 7/100 m²;

•

Skookum Creek: occurred in 7 of 8 reaches
sampled. Average density = 2/100 m²;

•

Skookum Creek (North Fork): occurred in 2 of 6
reaches sampled. Average density = 1/100 m²;

•

Skookum Creek (South Fork): occurred in 2 of 3
reaches sampled. Average density = 8/100 m²;

•

Smalle Creek : occurred in 10 of 10 reaches
sampled. Average density = 30/100 m²;

•

Smalle Creek (East Fork): occurred in 4 of 9
reaches sampled. Average density = 14/100 m²;

•

Split Creek: occurred in 2 of 6 reaches sampled.
Average density = 12/100 m²;

•

Stony Creek: occurred in 1 of 3 reaches sampled.
Average density = <1/100 m²;

Brook trout were introduced into the Spokane River drainage
by the U.S. Fish Commission in 1896, when 4,000 were stocked in
the Little Spokane River, and in 1899 when 1,500 were stocked in
the Spokane River in Spokane, Washington and 1,500 were stocked
in the Little Spokane River near Scotia, Washington (Kershaw
1904). In 1900, 2000 brook trout were planted in Diamond Lake,
and 5,000 were planted in the Little Spokane River (Kershaw
1904). In 1901, 2,500 brook trout each were planted in Bigelow
Gulch Creek and the Little Spokane River (Kershaw 1904). In
1902, 500 brook trout were planted in a trout pond near Fairfield,
Washington and 2000 were planted in the Little Spokane River
near Milan, Washington (Kershaw 1904). In 1904, 15,000 brook
trout were planted in Bear Creek, 1,500 were planted in a spring
brook near Milan, Washington, and 8,000 were planted in Trout
Lake (Kershaw 1904). In 1906, brook trout were planted in Little
Spokane River (n = 8,000) and Diamond lake (n = 1,500) (U.S.
Bureau of Fisheries 1907). In 1907 and 1908, (n = 3,000 and 20,000
respectively) brook trout were planted in the Spokane River at
Post Falls, Idaho (U.S. Bureau of Fisheries 1907, 1909). Also in
1908, 1,500 brook trout were stocked in three creeks at Deer Park,
Washington. In 1914, 450 brook trout were stocked in Newman
Lake (Johnson 1915).
Early state plants of brook trout in the Spokane River Subbasin (Spokane County) included: 94,000 in Bear Creek in 1918;
153,900 in Deadman Creek in 1908, 1916, 1918 and 1922; 149,000 in
Deep Creek in 1908, 1916, 1918, and 1922; 125,000 in Dear Creek in
1916, 1918, and 1922; 477,000 in Dragoon Creek in 1916 and 1922;
30,000 in Little Deep Creek in 1908 and 1922; 508,490 in Little
Spokane River in 1914, 1916, and 1919; 74,000 in Marshall Creek in
1913, 1916 and 1918; 53,000 in Mud Creek in 1918 and 1922; 182,696
in Spokane River in 1907, 1908, and 1916; 25,000 in Spring Creek
in 1918 and 64,600 in Willow Creek in 1918 and 1922 (Riseland
A. T. Scholz
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1909, 1911; Darwin 1916, 1917, 1920, 1921; Dibble and Kinney 1923).
State plants of brook trout in the Spokane River Sub-basin (Pend
Oreille County) included: 45,000 in Chain Lake in 1917; 100,000
in Diamond Lake in 1922; 75,000 in Fish Lake in 1916 and 1922;
303,000 in Little Spokane River in 1913–1916, 1919, 1920 and 1922;
55,000 in Sacheen Creek in 1920; 140,000 in Sacheen Lake in 1914,
1916, 1920, and 1922; 10,000 in Trout Creek in 1914 and 70,000 in
Trout Lake in 1914, 1921, and 1922 (Darwin 1916, 1917, 1920, 1921;
Dibble and Kinney 1923).
Brook trout were collected in the tailrace of Little Falls Dam
(Spokane RKM 47) on the Spokane Arm of Lake Roosevelt
(McLellan and Scholz 2001, 2002, 2003; McLellan et al. 2001, 2004,
2005, 2006). No brook trout were among 8,274 total fish sampled
by boat electrofishing and gill netting in Little Falls Reservoir
(Spokane RKM 47–54) in 1992 and 1993 (Heaton 1993). In 2003, no
brook trout were among 329 total fish captured during electrofishing surveys conducted in Little Falls Reservoir (Scholz 2004). No
brook trout were found in Long Lake Reservoir (Spokane RKM 54–
93) among 46 total fish captured in gill nets in 1971 (Earnest 1971),
152 fish captured by electrofishing and in gill nets in 1981 (Fletcher
1981), 501 fish captured in gill nets and beach seines in 1995 (Pfeifer
et al. 1985); 9,275 captured by electrofishing and in gill nets or fyke
nets 1998 and 1989 (Bennett and Hatch 1991), or 5,791 fish captured
by electrofishing and in gills nets or fyke nets in 2001 (Osborne et
al. 2003). No brook trout were among 147 fish captured by electrofishing and in gill nets between Nine Mile and Monroe Street
Dams (Spokane RKM 93–119) in 1987 (Kleist 1987). None were
captured among 762 fish sampled there in by Smith (1992), 1,529
fish sampled there in 2002 by McLellan (2003) of 660 fish sampled
there in 2003 by McLellan (2004).
At present (2011) brook trout are uncommon in the Spokane
mainstem but are abundant and reproducing naturally in some
tributaries. In tributaries that enter the Spokane River, below Little
Falls Dam (RKM 47) brook trout were not found in Ente (RKM 10),
Blue (RKM 20), Harker Canyon (RKM 32), Mill (RKM 33), Oyachen
(tributary of Blue), or Spring Creek (RKM 45) (Scholz et al. 1988b;
Doughtie et al. 1993a, 1993b, 1993c; Peone et al. 1993; Crossley 2001,
2002; Butler and Crossley 2003). Brook trout were found in Orzada
and Sand creeks, which also enter the Spokane River below Little
Falls Dam. They comprised 8.3% of the relative abundance (n = 24)
at one site sampled in Orzada Creek (RKM 13). They compared
100% of the relative abundance (n = 237) and were found in all 11
reaches sampled in Sand Creek (Crossley 2001).
Two tributaries enter the Spokane River in the Little Falls
Reservoir Reach of the Spokane River (RKM 47–54) Little
Chamokane and Chamokane creeks. Brook trout were absent in:
Little Chamokane Creek (RKM 51) and its tributaries–Cottonwood,
Sheep or Wellpinit creeks (Crossley 2002; Butler and Crossley
2003). Brook trout were present in Chamokane Creek (RKM 52).
Scholz et al. (1988) estimated the population of brook trout in the
lower 13 km of Chamokane Creek in 1986. They found none in a
7.5 km segment up from the mouth but estimated the population
at 682 brook trout in a 5.5 km segment between RKM 7.5 and 13.0.
The Little Spokane River joins the Spokane River in the Long
Lake (Lake Spokane) Reach (RKM 540 93) at RKM 90. The Little
Spokane River and its tributaries were surveyed by McLellan (2002,
2003 and 2004) in 2001, 2002, and 2003. Brook trout were present
in 9 of 21 reaches sampled in the Little Spokane River mainstem
at densities ranging from 0–15 brook trout/100 m². In the main1404

stem, brook trout (65–227 mm TL) comprised 31% of the relative
abundance (n = 474 or 1393 total fish caught) (McLellan 2003).
Brook trout were present in 8 of 13 reaches sampled on the West
Branch Little Spokane river at densities ranging from 0–96 brook
trout/100 m². In the west Branch, brook trout (61–275 mm TL)
comprised 8% of the relative abundance (n = 180 of 2,197 total fish
caught (McLellan 2002). Results from other tributaries of the Little
Spokane River are recorded in Table 16.94. Brook trout were found
in 117 or 199 reaches surveyed in 22 tributaries at densities ranging
from 0–291 brook trout/100 m². Brook trout (32–291 mm TL) comprised approximately 30% of the relative abundance (n = 8,988 out
of 29,517 total fish caught) (McLellan 2002, 2003, 2004).
Two major tributaries enter the Spokane River in the reach
of the Spokane River between Nine Mile Dam (RKM 93) and
Monroe Street Dam (RKM 119): Deep Creek at RKM 94 and Latah
(Hangman) Creek at RKM 116. Brook trout were present at 9 of
16 sites sampled in Deep Creek at densities ranging from 0–23
brook trout/ 100 m² (McLellan 2005). No brook trout were found
among 2,502 total fish collected in 12 reaches of Coulee Creek, the
principle tributary of Deep Creek (McLellan 2005). Lee (2005)
sampled the Latah Creek drainage from 1998–2003. He found
one brook trout, 224 mm TL among 1,278 total fish captured in
18 reaches of the mainstem. Brook trout (n = 2 of 2 fish captured,
129–185 mm TL) was the only species collected at 2 sites sampled
in Indian Creek. Brook trout, 35–317 mm TL, comprised 78% of the
relative abundance (n = 575 in 737 total fish sampled) at 5 sites in
Marshall Creek. One eastern brook trout, 184 mm TL, was among
15 total fish sampled at 4 sites in Spangle Creek. No brook trout
were collected among 9 fish sampled at 4 sites in Garden Springs
Creek, 34 fish sampled at 2 sites in Stevens Creek, 968 fish sampled
at 7 sites in California Creek, 7 fish sampled in an unnamed tributary of California, 1,163 fish sampled at 9 sites in Rock Creek or its
tributaries–Cottonwood, Mica, North Fork, and Ochlare creeks, 0
fish sampled at 1 site in Courtney Canyon Creek, 17 fish sampled at
4 sites in Rattlers Run Creek, or 63 fish sampled at 3 sites in Cove
Creek.
McLellan (2005) sampled 10 sites on Marshall Creek in 2004
and collected 1,365 brook trout, 32–251 mm TL, among 1,480 total fish. Relative abundance of brook trout was 92% and densities at each of the 10 sites averaged (ranged) 79 (32–170) brook
trout/100 m²).
Brook trout were first stocked into Marshall Creek in 1913
when 50,000 were planted (Darwin 1916), 1916 when 6,000 were
planted (Darwin 1917) and 1918 when 18,000 were planted (Darwin
1920). Marshall Creek also received plants of brook trout in 1935
(n = 46,000) and 1941 (n = 14,990), the last time Marshall Creek
was planted with brook trout. Marshall Creek is fed by massive
springs upstream from the town of Marshall, Washington. Brook
trout developed a naturally reproducing self sustaining population in Marshall Creek. In 1981, EWU estimated the population
abundance in four segments (at RKM 0.6, 2.6, 6.6 and 8.2 KM) of
Marshall Creek using the Peterson method. The amount of habitat
sampled at each site was 60 m² at RKM 0.6, 69 m² at RKM 2.6, 197
m² at RKM 6.6 and 583 m² at RKM 8.2. Population (±95% CI) and
densities (# brook trout/100 m²), were: 49 (±25) at RKM 0.6 (density = 40 brook trout/100 m²), 233 (±41) at RKM 2.6 (density = 340
brook trout/ 100 m²), 436 (±71) at RKM 6.6 (density = 220 brook
trout/100 m²) and 1,620 (±764) at RKM 8.2 (density = 280 brook
trout/100 m²). Lee (2005) determined that the population densities
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2001
2001
2002
2001
2003
2003
2003
2003
2001
2002
2002
2001
2001
2003
2003
2003
2002
2001
2003
2002
2001
2000

Bear Creek

Beaver Creek

Beaver Creek

Buck Creek

Burping Brook

Dartford Creek

Deadman Creek

Deadman Creek (South Fork)

Deer Creek

Dragoon Creek

Dragoon Creek (West Branch)

Dry Creek

Heel Creek

Little Deep Creek

Little Deep Creek (North Fork)

Little Deep Creek (South Fork)

Little Deer Creek

Otter Creek

Pell Creek

Spring Creek

Spring Heel Creek

Wethy Creek

Total

Year
sampled

199

3

1

2

4

14

9

9

6

11

5

6

13

28

14

5

21

5

3

15

11

3

11

# reaches
sampled

117

2

0

2

0

10

6

1

3

0

5

6

8

20

13

5

7

1

2

1

11

3

11

# reaches with
brook trout

0–291

-

-

29–40

-

0–163

0–14

0–1

0–12

-

9–48

41–291

0–96

0–56

0–86

5–33

0–13

0–9

0–31

1

1-13

54–128

7–133

range in brook trout
density (#/100 m²)

8,988

6

-

226

-

1642

62

2

22

-

349

474

180

653

1604

277

122

15

163

1

207

743

2240

# brook trout
captured in all reaches

29,517

29

-

273

-

2604

769

561

332

-

349

1424

2197

4658

4310

463

4484

1028

164

887

748

764

3473

total # fish captured
in all reaches

22.7

21

-

83

-

63

8

<1

6

-

100

33

8

15

37

60

3

2

99

<1

28

96

63

brook trout
RA (%)

32–291

102–139

-

57–217

-

32–226

42–192

159–160

87–203

-

32–209

41–291

61–275

37–285

32–284

36–205

49–212

73–161

42–269

135

43–226

37–194

45–260

range in brook
trout TL (mm)

Brook trout distribution, density (r #/100 m²), relative abundance (RA%), and total length (TL) range in tributaries of the Little Spokane River (Data from McLellan 2000b, 2002,
2003, 2004).

Tributary

Table 16.94

Subfamily Salmoninae
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in Marshall Creek at sites 2.6, 6.6, and 8.2 km above its confluence with Latah Creek were respectively 91 brook trout/100 m², 50
brook trout/ 100 m² and 62 brook trout/100 m². Thus, density averaged about 68 brook trout/100 m², which was similar to the average
density of 79 brook trout/100 m², determined in 2004 (McLellan
2005). Both of these more recent estimates were well below the
EWU estimate in 1981. This may be related to the fact that from
1998 to 2004 the inland Northwest has suffered persistent drought
conditions (Coot et al. 2004). This has reduced the instream flow
to about half its normal flows. Reduced stream flow compresses
the trout into a reduced habitat and intensifies the competition between individuals, leading to a higher rate of mortality, and hence,
lower densities of trout compared to when the stream had a higher
rate of discharge. EWU monitored the populations at the site 8.2
km above the mouth in 1982, 1984, 1985 (during another period
of drought conditions) and estimated the density in each year respectively at 90 brook trout/100 m², 120 brook trout/100 m², and
90 brook trout/100 m² (Scholz, unpublished data). In 1998, following a period of record runoff in 1997, EWU estimated the density
at RKM 8.2 at 231 brook trout/100 m² (Scholz, unpublished data).
Up until about 1980 brook trout were abundant in the Spokane
River mainstem above the Monroe Street Dam. However, in more
recent years brook trout have essentially disappeared from this section of the Spokane River. In the segment between Monroe Street
Dam (RKM 118) and Upriver Dam (RKM 128), WDFW Creel records
indicated that brook trout were present between 1948–1972 and in
1980. During this interval 168 creel checks were made and 1,391
anglers were interviewed who had caught 328 brook trout and 489
individuals of 5 other species (WDFW File Data; Peck 1981). In 1992,
a creel survey was conducted during 80 days randomly selected
over the fishing season (26 April 1992–31 October 1992) and numbers were expanded to account for days not surveyed (Smith et
al. 1992). Anglers expended 5,826 hours to catch 1,218 total fish,
comprised of 948 rainbow trout and 270 mountain whitefish. No
brook trout were reported. Moreover, Johnson (1993) conducted
electrofishing surveys between Monroe Street and Upriver dams in
1992. No brook trout were among 709 total fish sampled. The catch
was dominated by mountain whitefish (n = 668) and rainbow trout
(n = 33). No brook trout were among 415 total fish caught during
electrofishing and gill net surveys conducted between Upper Falls
Dam (RKM 119) and Upriver Dam (RKM 128) in 2007 (O’Connor
and McLellan 2008).
In the segment between Upriver Dam (RKM 128) and Post Falls
Dam (RKM 163), 610 brook trout, 111–367 mm TL, were among
1,847 total fish (33%) captured during electrofishing surveys conducted in 1980 and 1981 (Bailey and Saltes 1982). Seven brook trout
were among 2,335 total fish (<1%) captured during electrofishing
surveys conducted in 1985 and 1986 (Bennett and Underwood
1988; Underwood and Bennett 1992). One brook trout, 190 mm TL,
was among 1,025 total fish (<1%) captured by electrofishing in 1988
(Dupont and Fredericks (1990). No brook trout were among 404
total fish captured by drift boat electrofishing between RKM 149
and 155 in 2003 (McLellan 2004b). No brook trout were among 357
total salmonids captured in drift boat electrofishing surveys conducted between Plantes Ferry Park (RKM 136) and the Washington/
Idaho state line (RKM 155) in 2007 (O’Connor and McLellan 2008).
Data from electrofishing surveys is mirrored in creel surveys
conducted in the Upper Spokane River. In creel surveys conducted
by WDFW between 1942 and 1973, a total of 1808 anglers interview
1406

caught 339 brook trout, 3192 rainbow trout, 135 yellow perch, 3 cutthroat trout, 5 mountain whitefish and 89 bullheads (WDFW file
data). In 1978, an estimated 3,100 anglers caught 261 brook trout
and 812 rainbow trout in the upper Spokane River during the entire fishing season (Duff et al. 1981). Creel surveys were made on
80 randomly selected days in 1980 and 72 randomly selected days
in 1981. The numbers were expanded to account for days not surveyed. In 1980, anglers (n = 10,623) fished 28,737 hours to harvest
3,772 total fish, including 452 brook trout, 3,234 rainbow trout,
and 86 cutthroat trout (Bailey and Saltes 1982). In 1981, anglers
(n = 10,356) fished 28,998 hours to harvest 2,893 total fish, including 409 brook trout 2,893 rainbow trout and 45 cutthroat trout. In
creel surveys, conducted in 1998, that sampled that Spokane River
between RKM 140–163, anglers expended 9,037 hours over the
course of the fishing season (28 April–7 September in Washington
and 27 May–7 September in Idaho) to catch 2,737 and harvest 715
total fish (WWP WDFW/IDHG 1990). The harvest was composed of
578 rainbow trout, 72 Chinook salmon, 36 brown trout and 28 cutthroat trout. No brook trout were reported.
Other naturally reproducing brook trout populations occur in
headwater tributaries of the Yakima, Wenatchee, Entiat, Stehekin,
Methow, Okanogan, Sanpoil and Kettle Rivers in the Cascade
Mountains and Okanogan Highlands (Williams and Mullan 1992).
Brook trout also occur in the Upper Tucannon River in the Blue
Mountains of southeastern Washington (Martin et al. 1992).
Brook trout did not always become established at locations
where they were introduced. For example, brook trout stocked
into Banks Lake (Grant County) contributed to the fishery there
in 1952–1954 and were observed spawning in an inlet tributary at
Northrup Canyon, but apparently did not reproduce successfully
(Polacek et al. 2003). In Palmer Lake (Okanogan County), 29,250
brook trout were stocked in 1984 but none were caught in a WDFW
fishery survey conducted there in 1999 (Osborne et al. 2003a).
In general, brook trout introduced in Washington have prospered in upstream headwaters of main rivers or areas where there
is a large amount of spring flow. For example, brook trout were rare
in the mainstem of the Yakima River, Yakima and Kittitas Counties,
but relatively common in irrigation canals above RKM 177 (Patten
et al. 1970). In the Pend Oreille River, Washington, brook trout
were rarely encountered in the mainstem but were common in
most tributary streams, increasing in abundance farther upstream
and at higher elevations (Ashe and Scholz 1992).
The Colville Confederated Tribes produced 196,000 brook
trout fry (90 fish/lb) and 330,000 brook trout fingerlings (25 fish/
lb) annually at the Colville Tribal Hatchery for stocking in reservation waters. These fish provide a subsistence fishery for tribal
members in some waters and recreational/sport fisheries that allow non-tribal members to harvest fish in other waters. The tribe
usually opens recreational/sport fishing lakes to the public several
weeks before the state of Washington opens its fishing season to
attract anglers who must buy a tribal license to fish in them. The
tribe maintains a brood stock of brook trout in Owhi Lake and obtains about 850,000 eggs annually from them in order to produce
the number of fry and fingerlings noted above.
In 2001, CCT planted 28,062 brook trout fry and 30,048 fingerlings into Owhi Lake, and fingerlings into Buffalo Lake
(n = 350,033), Gold lake (n = 5037), Lower Goose Lake (n = 1,001),
McGinnis Lake (n = 5021), Round Lake (n = 7,040), Simpson Lake
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(n = 8,602), Summit Lake (n = 3014), Twin Lake (North) (n = 115,131)
and Twin Lake (South) (n = 113,6800).
Creel surveys were conducted at Owhi Lake in 1984–1985, 1989–
1991 and 1993-2002 (Arterburn 2003). Over the 14 year period anglers fished a total of 38,704 hours to catch 41,691 brook trout, an
average of 2,765 hours/year and 2,978 brook trout/year. These fish
averaged 343 mm FL and 507 g in weight (Arterburn 2003).
Creel surveys were conducted at North and South Twin Lakes,
Ferry County from 1978–2000 (Arterburn 2003). Over the 23 year
period anglers fished a total of 1,197,139 hours and caught 101,897
brook trout, an average of 52,045 angler hours/ year and catch of
4,430 brook trout/year. These fish averaged 316 mm FL and 446 g
in weight. In gill net surveys conducted annually in June from
1994–2000 at North and South Twin Lake, a total of 103 brook
trout (56%) were among 196 total fish captured (Arterburn 2003).
In Buffalo Lake, gill net surveys were conducted annually from
1994–2000 (Arterburn 2003). A total of 46 brook trout, averaging
300 mm FL and 466 g weight, were captured among 221 total fish
(Arterburn 2003).
Brook trout were first stocked in the Crab Creek Basin,
Lincoln and Grant Counties, when 3,000 were planted in Wilber
(Goose) Creek, tributary of Wilson Creek, in 1899 by the U.S.
Fish Commission (Kershaw 1904). In 1901, brook trout (n = 2,500)
planted in Cannawai Creek (Kershaw 1904). In 1902, brook trout
(n = 2,000 and n = 5,000) were respectively planted in Wilson
Creek near Wilbur, Washington and Crab Creek north of Sprague,
Washington, Lincoln County (Kershaw 1904). In 1904, brook
trout (n = 10,000) were planted in Crab Creek near Harrington,
Lincoln County, Washington (Kershaw 1904). In 1907, brook trout
(n = 2,400) were stocked in Wilson Creek near Creston, Washington
U.S. Bureau of Fisheries 1908) and, in 1908, 8,000 were stocked in
Crab Creek near Davenport, Washington (U.S. Bureau of Fisheries
1909). In 1909 and 1910 brook trout (n = 2,000 and n = 5,500 respectively) were stocked in Crab Creek near Lamona, Washington (U.S.
Bureau of Fisheries 1910, 1911).
Early state plants into the Crab Creek Basin included: 637,400
planted into the mainstem of Crab Creek, Lincoln County, in 1908,
1913–1914, 1916–1920 and 1922 (Riseland 1909; Darwin 1916, 1917,
1920, 1921; Dibble and Kinney 1923). Also 5,000 were planted in
Goose Creek, and 156,000 were planted in Wilson Creek, Lincoln
County, from 1916–1920 (Darwin 1917, 1920, 1921). The state planted
455,300 brook trout into Grant County segments of Crab Creek in
1913, 1914, 1916 and 1922 (Darwin 1916, 1917; Dibble and Kinney 1923).
Brook trout are currently (2008) rare in the Upper Crab Creek
Basin, Grant, Lincoln and Spokane counties where they comprised
only 0.3% (n = 6 of 1,792 total fish) collected during electrofishing surveys conducted at 16 sites in the Crab Creek mainstem
(Evermann and Nichols 1909; Schultz and DeLacy 1935/1936; Peck
1989, 1991, 2000; Divens and Phillips 2002; Donley 2002; Scholz
2002, 2003).
All 6 were collected at the spring fed upper most site on Crab
Creek. Additionally brook trout comprised 4 of 391 fish captured at
4 sites in Bluestem Creek, 2 of 377 fish captured at 2 sites in Edwall
Creek and 16 of 21 fish captured at 2 sites in the South Fork of Crab
Creek (Scholz 2002, 2003). Bluestem and Edwall creeks are cold,
spring fed, headwater tributaries of Crab Creek and the South
Fork is a cold spring fed tributary that enters Crab Creek north
of Ritzville, Washington. Brook trout were not found among 124
fish captured at 3 sites in Wilson Creek, 66 fish captured in 3 sites

at Lake Creek, 322 fish captured at 6 sites in Coal Creek, 85 fish
captured at 2 sites in Sheep Creek, 249 fish captured at 2 sites in
Lords Creek, and 315 fish captured at 5 sites in Rock Creek (Scholz
2002, 2003). Divens and Phillips (2002) surveyed Coffeepot Lake
in the Lake Creek drainage in 1998 and 1999 using a combination
of electrofishing, gill nets and fyke nets and found no brook trout
among 1,960 total fish sampled. Divens and Osborne (2005) surveyed Upper and Lower Twin Lakes, Lake Creek drainage, Lincoln
County, in 2003. They sampled no brook trout among 1,102 fish
collected in upper Twin Lake or 1,676 collected in lower Twin Lake.
Moran and Divens (2006) also surveyed Deer Springs Lake in the
Lake Creek drainage in 2005 and found no brook trout among 608
total fish sampled.
Brook trout were first planted in the mid-Columbia Region
(Wenatchee, Entiat, Methow and Okanogan rivers) in Chelan
and Okanogan counties in 1899 when 1,500 were stocked in the
Columbia River near Wenatchee, Washington by the U.S. Fish
Commission (Kershaw 1904). Early state plants of brook trout
in Chelan County included: 5,000 in Chimacum Lake in 1918;
8,000 in Colockum Creek in 1914; 30,000 in Coon Lake in 1919;
205,000 in Entiat River in 1922; 5,000 in First Creek in 1918; 5,000
in Heather Lake in 1958, 10,000 in Hidden Creek in 1918; 75,800 in
Hidden Lake in 1917 and 1919; 47,000 in Icicle Creek in 1914, 5,000
in Ingalls Lake in 1918; 30,000 in Lake Chelan in 1919; 5,000 in
Lost Lake in 1918; 5,000 in Mad Lake in 1918; 5,000 in Myrtle lake
in 1918, 194,000 in Nason Creek in 1922; 9,100 in Neda Creek in
1918; 10,000 in Peshastin Creek in 1919; 4,000 in Rock Island Creek
in 1916; 13,000 in Squillchuck Creek in 1914, and 1916; 80,000
in Wapato Creek in 1918 and 20,000 in Lake Wenatchee in 1919
(Darwin 1916, 1917, 1920, 1921; Dibble and Kinney 1923).
Early state plants of brook trout in Okanogan County included:
51,104 in Antwine Creek in 1914, 1917, and 1919; 6,000 in Black
Canyon Creek in 1922; 14,000 in Bonaparte Creek in 1914, and 1922;
25,000 in Boulder Creek in 1977; 50,000 in Buffalo Lake in 1922;
10,000 in Buttermilk Creek in 1923, 5,000 in Canyon Creek in 1922;
10,000 in Cecile Creek in 1917; 72,500 in Chopaka Lake in 1920 and
1922; 30,000 in Conconully Lake in 1922; 5,000 in Crater Lake in
1914; 22,000 in Crawfish Lake in 1914, 20,000 in Cub Creek in 1922;
20,000 in Early Winters Creek in 1922; 39,000 in Eight Mile Creek
in 1920, and 1922; 12,500 in Falls Creek in 1919; 25,000 in Fields
Lake in 1922; 50,000 in Goat Creek in 1918; 20,000 in Gold Creek
in 1917 and 1918, 32,500 in Johnson Creek in 1918, and 1919; 10,000
in Libby Creek in 1920; 44,000 in Little Owhi Lake in 1922; 15,000
in Loop Loop Creek in 1917; 159,300 in Lost Lake in 1914, 1916, 1917,
1919, and 1922; 25,000 in Methow River in 1918; 15,000 in Meyers
Creek in 1914; 55,000 in Nespelem Creek in 1922; 55,000 in Omak
Creek in 1914, 1917, and 1922; 255,000 in Owhi Lake in 1919 and
1922; 69,000 in Palmer Lake in 1918 and 1919; 25,000 in Poor Mans
Creek in 1918; 300,000 in Salmon Creek in 1918, and 1920; 48,000
in Siwash Creek in 1914, 1917, and 1922; 12,000 in Spaulding Lake
in 1922; 92,725 in Spectacle Creek in 1914, 1919, and 1920; 3,000 in
Thompson Creek in 1922; 12,500 in Twisp River in 1919; 5,000 in
War Creek in 1922; 84,000 in Whitestone Lake in 1918, and 15,000
in Wolf Creek in 1917 (Darwin 1916, 1917, 1920, 1921; Dibble and
Kinney 1923).
In recent backpack electrofishing, snorkeling and migration
trap surveys, brook trout were reported in the Wenatchee River
and some of its tributaries (Mullen et al. 1992b; Hillman and Miller
1997, 1999, 2000, 2002a, 2002b, 2004, 2005; Murdoch et al. 2005).
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Brook trout were present in the Wenatchee River, Big Meadow
Creek, Chikamin Creek, Chiwawa River, Little Wenatchee River
and Nason Creek. Brook trout were not common at most of these
locations. For example, only 1 brook trout was among 5,410 total fish (including 4,728 chinook salmon, 247 steelhead/ rainbow
trout, 4 cutthroat trout and 490 coho salmon) observed in snorkel
surveys conducted in Nason Creek in 2003 (Murdoch et al. 2005).
In 2004, no brook trout were among 5,648 captured in a migration trap in Nason Creek (Murdoch et al. 2006c). Brook trout were
most common in the Chiwawa River where a total of 847 were
collected in 1998, 1999, and 2001 (Hillman and Miller 1999, 2001,
2002a) and a total of 198 were collected in 2002, 2004 and 2005
(Hillman and Miller 2002b, 2004, 2005).
Duke Engineering (2001) counted 156 brook trout among
43,378 total fish in snorkeling surveys conducted in the Stehekin
River, the principle tributary of Lake Chelan in 2000 and 2001.
Brook trout were present in the Methow River and some of its
tributaries, including Beaver Creek (South Fork), Beaver Creek
(Middle Fork), Boulder Creek (Middle Fork), Chewack River,
Crater Creek, Cub Creek, Eightmile Creek, Falls Creek, Gold
Creek, Libby Creek, Twenty Mile Creek (South Fork), and War
Creek (Mullan et al. 1992b; Williams and Mullan 1992; Dunnigan
1999). No brook trout were found in Andrew Creek, Buttermilk
Creek, Eagle Creek, Early Winters Creek, Foggy Dew Creek, Goat
Creek, Lake Creek, Little Bridge Creek, Lost River, Reynolds Creek,
Robinson Creek, Trout Creek, Twisp River, Wolf Creek and Wolf
Creek (North Fork).
Brook trout were first stocked in the Yakima River by the
U.S. fish Commission in 1899 (n = 1,000) and in Ahtanum Creek
(n = 1,000), Yakima county (Kershaw 1904). In 1901, 2,500 were
stocked in Fish Lake, near Ellensburg, Washington. In 1903, 1,500
were stocked in the Natchez River. In 1903 and 1904, brook trout
(n = 15,997 and 7,500 respectively) were stocked in a spring branch
near Yakima, Washington (Kershaw 1904). In 1919, 5,500 were
stocked in Ahtanum Creek (O’Malley 1918).
The Washington Department of Fish and Game planted 30,000
brook trout into the Yakima River, Benton County in 1922 (Dibble
and Kinney 1923) and 234,015 into the Yakima River, Kittitas County
from 1917–1922 (Darwin 1920, 1921; Dibble and Kinney 1923). Also,
brook trout were stocked in the following locations in Kittitas
County: Cherry Creek (n = 27,600 in 1918 and 1920), Cle Elum Lake
(n = 110,000 in 1919), Cooper Lake (n = 355,000 in 1922), Fish Lake
(n = 205,000 in 1922), Hanson Creek (53,600 in 1918 and 1922),
Keechelus Lake (n = 100,000 in 1922), Manastash Creek (n = 28,500
in 1919), Naneum Creek (n = 26,500 in 1917 and 1922), Olson Creek
(n = 59,608 in 1918 and 1922), Reed Creek (n = 40,000 in 1922),
Swauk Creek (20,000 in 1919), Teanaway River (n = 164,0000 in
1917 and 1919), and Wilson Creek (n = 8,000 in 1922). Additionally,
WDFG stocked 922,200 brook trout at other locations in Kittitas
County between 1916 and 1922 (Darwin 1917, 1920, 1921; Dibble and
Kinney 1923). Brook trout were stocked at the following locations
in Yakima County by WDFG between 1916 and 1922: Agnes Creek
(n = 6,000 in 1916), Ahtanum Creek (n = 50,000 in 1922), Bachelor
Creek (n = 273,000 in 1917 and 1922), Bumping Lake (n = 175,000
in 1922), Satus Creek (n = 175,000 in 1922), and Toppenish Creek
(n = 48,800 in 1919). Additionally, WDFG stocked 615,400 brook
trout at other locations in Yakima County between 1917 and 1922
(Darwin 1920, 1921; Dibble and Kinney 1923).
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Electrofishing surveys were conducted at 8 km intervals along
the length of the Yakima River between its mouth (RKM 0) and
its head waters (RKM 281) in 1958, for a total of 25 sites sampled
(Patten et al. 1970). Brook trout were collected at 8 sites (RKM 185,
209, 217, 250, 258, 266, 274, and 281). A total of 31 brook trout were
among 34,733 total fish captured during these surveys. Patten et al.
(1970) noted that the brook trout was “common in irrigation canals
near Ellensburg but not in the mainstem of the Yakima River.” In
electrofishing surveys conducted from 1997–1999 no brook trout
were among 1,041 total fish captured below Prosser Dam (RKM 75),
3,234 total fish captured below Sunnyside Dam (RKM 167), or 3,546
total fish captured below Roza Dam (RKM 204) (Karp et al. 2002).
Brook trout are known to occur at the following locations in
Kittitas county: Angus Lake, Bald Mountain Pond, Beaver Lake,
Bullfrog Pond, Cle Elum Lake, Cooper Creek, Cooper Lake,
Cottonwood Creek, Cougar Lake, Deer Lake, Dewey Lake, Fish
Lake, Hayas Lake, Kachess lake, Keechelus Lake, Lilly Pond, Little
Kachess Lake, Lost Creek, Lost Lake, Manastash Lake, Milk Lake,
Milk Creek Pond, Naneum Creek, Sheep Lake, Swamp Lake, Twin
Sister Lake, Waptus Lake, Wilson Creek and Upper Yakima River
from Cle Elum to Easton (Mongillo and Faulconer 1980, 1982;
Anderson 2000, 2004).
In Yakima County, brook trout are present in Angel, Apple,
Beck, Bench, Bumping Chucks Pond, Clear, Dog, Leech,
Lightening, Lilly, Long, Lost, Peach, Pearson Ranch, and Thunder
lakes, Milk Pond and Bumping and Rimrock reservoirs (Mongillo
and Faulconer 1980, 1982; Anderson 2002, 2004).
Brook trout was first stocked in the Walla Walla Basin, when
1,000 were stocked in the Touchet River, the principle tributary
of the Walla Walla River, in 1900 by the U.S. Fish Commission
(Kershaw 1904). Other federal plants included 6,497 brook trout
planted in Spring Branch near Walla Walla in 1903 (Kershaw 1904),
2,000 were planted in Hawthorne Brook near Walla Walla in 1913
(Johnson 1914) and 2,000 planted in the Spring branch near Walla
Walla in 1918 (O'Malley 1919).
Early state plants of brook trout in the Walla Walla Sub-basin
included the following planted in Walla Walla County: 75,000
Coppei Creek in 1917 and 1919 (Darwin 1920, 1921) 61,600 in Dry
Creek in 1914, 1917 and 1919 (Darwin 1916, 1920, 1921), 402,544 into
Mill Creek in 1913, 1914, 1916, 1920, 1921) (Darwin 1916, 1917, 1920,
1921), 5,000 into Mud Creek in 1917 (Darwin 1920). Also early state
plants included the following totals planted in Columbia County:
406,500 planted into the Touchet River or its North, South,
Robinson and Wolf Forks in 1914, 1917, 1918, and 1919 (Darwin 1916,
1917, 1920, 2921), and 11,000 in Jim Creek in 1918 (Darwin 1920).
Brook trout have not been reported in any recent fisheries survey’s conducted in the Walla Walla River Basin, Columbia and
Walla Walla counties. No brook trout were among 1,441 total fish
captured by electrofishing at 17 sites in the Walla Walla River in
1974 (Jackson 1975). None were captured among 1,250 total fish
captured by electrofishing at 25 sites on the Touchet River, 14 sites
on its North Fork, 14 sites on its South Fork, 7 sites on its Wolf Fork
and 6 sites on its Robinson Fork in 1971 (Michaelis 1972). No brook
trout were among 943 total fish captured by electrofishing at 15 sites
in Mill Creek, tributary of the Walla Walla River in 1975 (Knecht
1976). None were among 800 total fish captured by electrofishing
at 27 sites on Cottonwood and Yellowhawk Creeks, tributaries on
the Walla Walla River in 1976 (Pearman 1977).
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Mendel et al. (1999, 2000, 2001, 2002, 2003, 2004, 2005) surveyed the Walla Walla and Touchet Rivers (Walla Walla River
Basin) between 1998 and 2004 and did not report the presence
of brook trout anywhere in the basin. No brook trout were observed in the Walla Walla River (n = 11 sites sampled), or in any
of its tributaries, including: Big Spring Branch (n = 1), Blue Creek
(n = 3), Caldwell (n = 1), Cottonwood (n = 4), Doan Creek (n = 1),
Dry Creek (n = 6), Dry Creek (North Fork) (n = 4), East Little
Walla Walla (n = 7), Garrison Creek (n = 3), Mill Creek (n = 21),
Mud Creek (n = 1), Titus Creek (n = 3), West Little Walla Walla
Creek (n = 3), and Yellow Hawk Creek (n = 7). The Touchet River
joins the Walla Walla River at RKM 27. No brook trout were observed on the mainstem Touchet River (n = 17 sites sampled) or in
any of its tributaries in Walla Walla and Columbia counties including: Aylward Creek (n = 10), Bund Creek (n = 1), Burnt Fork (n = 3),
Coates Creek, Coppei Creek (n = 4), Coppei Creek (North Fork)
(n = 3), Coppei Creek (South Fork) (n = 4), Dustin Creek (n = 1),
Green Fork (n = 3), Green Fly Creek (n = 27), Hatley Gulch Creek
(n = 3), Hogeye Hollow Creek (n = 1), Jim Creek (n = 2), Lewis
Creek (n = 12), Patit Creek (South Fork) (n = 3), Spangler Creek
(n = 6), Tate Creek (n = 2), Touchet River (North Fork) (n = 13),
Touchet River (South Fork) (n = 16), Touchet River (Robinson
Fork) (n = 5), Touchet River (Wolf Fork) (n = 11), Whetstone Creek
(n = 1), Whiskey Creek (n = 8), and Whitney Creek (n = 5).
Federal plants of brook trout in Klickitat County included
12,000 stocked in the White Salmon River (West Fork) in
1904 (Kershaw 1904, Titcomb 1905), 3,950 stocked in the Little
Klickitat River near Goldendale, Washington in 1912 (U.S. Bureau
of Fisheries 1913) and 7,000 stocked in Scammonts Pond near
Goldendale in 1913 (Johnson 1914). Early state plants of brook trout
in Klickitat County included: 51,400 in Banan Creek in 1917; 50,000
in Bloodgood Creek in 1922; 81,000 in Bowman Creek in 1915 and
1920; 28,000 in Klickitat River in 1916; 88,500 in Little Klickitat
River in 1915, 1917 and 1919; 267,415 in Spring Creek in 191–1919
and 1922, and 20,000 in Summit Creek in 1917 (Darwin 1917, 1920,
1921; Dibble and Kinney 1923). Early state plants of brook trout in
Skamania County, included: 5,000 in the Big White Salmon River
in 1922; 26,000 in Canyon Creek in 1922, 10,000 in Collins Creek in
1922; 75,000 in Rock Creek in 1914, 1915, 1918, 1920 and 1922, 10,000
in Trappers Creek in 1922; 22,000 in Trout Creek in 1922; 12,000 in
Washougal River in 1922; 20,000 in Wind River in 1922, and 4,000
in Woodard Creek in 1922 (Darwin 1916, 1917, 1920, 1921; Dibble
and Kinney 1923).
In backpack electrofishing and snorkel surveys conducted in
the 2000 and 2001, brook trout were found in the Klickitat River,
West Fork Klickitat River, and many of their tributaries, including Bird, Clearwater, Cold, Dry, Diamond Fork, Little Muddy,
McCreedy, Summit, and Trapper creeks (Bryn et al. 2001; Thiesfeld
et al. 2002). Brook trout were also found in Fish, Howard and Two
lakes. No brook trout were observed in Cunningham Creek (tributary of the Klickitat River). Brook trout were observed in Trout
Creek and Wind River but not in Panther Creek (Wind River
Drainage) in 2001 (Byrne et al. 2001). Brook trout were observed
in Lava Creek but not in Mill Creek or Little White Salmon River
(Little White Salmon Drainage) (Byrne et al. 2001). Brook trout
were not observed in the White Salmon River or any of its tributaries (Beaver, Cascade, Cave, Cultus, Little Goose, Last, Morrison,
Mosquito, Ninefoot, or Spring creeks) (Byrne et al. 2001; Thiesfeld
et al. 2002).

Brook trout are rare or absent in the portions of Snake River
and its tributaries within the State of Washington. Bennett et al.
(1983) surveyed the four lower Snake River reservoirs (Ice Harbor,
Lower Monumental, Little Goose and Lower Granite) by electrofishing, gill netting, trap netting and beach seining in 1979 and
1980. No brook trout were among the 52,259 total fish sampled
during this survey.
Brook trout (n = 2,750) were first stocked in the Tucannon
River, tributary of the Snake River (Columbia County), in 1916 by
the U.S. Bureau of Fisheries (O’Malley 1917). In 1919, brook trout
(n = 48,800) were stocked into the Tucannon River, Columbia
County, by the Washington Department of Fish and Game
(WDFG) (Darwin 1921). Brook trout (n = 140,330) were stocked
into the Tucannon River in Garfield County by WDFG in 1915,
1917, and 1918 (Darwin 1917, 1920). Also, 445,405 brook trout were
stocked by WDFG into Pataha Creek, tributary of the Tucannon
River in 1914–1920 (Darwin 1916, 1917, 1920, 1921). No brook trout
were found at 19 sites sampled by electrofishing in the Tucannon
River in 1980 (D.W. Kelly & Associates 1982). No brook trout were
sampled during backpack electrofishing surveys conducted in the
Tucannon River or its tributaries (Bear, Cold, Cummings, Kellogg,
Meadow, Panjab, Sheep and Turkey creeks) (Mendel et al. 2004c).
Brook trout were first stocked in the Palouse Basin, tributary of
the Snake River, Whitman County in 1899 when 3,500 were stocked
in Rock Creek near Winona, Washington (Kershaw 1904) and in
1906 when 1,200 were stocked at the same location (U.S. Bureau of
Fisheries 1907). Also, in 1906, brook trout (n = 3,990) were stocked
in Bonnie Lake, the middle lake in a chain of lakes (comprised
of Chapman, Bonnie, and Rock lakes) in the Rock Creek system.
Other federal plants occurred in 1908, when brook trout (n = 24,000
were stocked in the upper reaches of Rock Creek near Cheney,
Washington (U.S. Bureau of Fisheries 1908). In 1913, brook trout
(n = 600) were stocked into the South Fork Palouse River at Colfax,
Washington (Johnson 1914). In 1914, brook trout (n = 450) were
stocked in the Palouse River at Palouse Washington (Johnson 1915).
Early state plants of brook trout into the Palouse Basin included
10,000 into Cow Creek, Adams County in 1908 (Riseland 1909).
Brook trout were also planted into Cow Creek in 1913 (n = 20,000),
1914 (n = 16,000), 1916 (n = 30,000), 1917 (n = 106,000), 1918
(n = 90,000), 1919 (n = 86,500) and 1920 (n = 75,000) (Darwin 1916,
1917, 1920, 2921). In 1922, 150,000 brook trout were stocked into
Lower Cow Creek and 150,165 were stocked into Upper Cow Creek
(Dibble and Kinney 1923). Also, 251,200 brook trout were planted
in the Palouse River from 1913–1915 and 1917–1919 (Darwin 1916,
1917, 1920, 1921), 12,500 were planted in Rebel Flat Creek in 1922
(Dibble and Kinney 1923), 10,000 were planted in the South Fork
Palouse River in 1913 (Darwin 1916), 2,500 were planted in Pleasant
Valley Creek near St. John, Washington in 1922 (Dibble and Kinney
1923), 10,000 were planted in Union Flat Creek in 1913 (Darwin
1916), and 35,000 were planted in Willow Creek in 1922 (Dibble
and Kinney 1923).
At the present time (2008) brook trout are generally absent in
the Palouse River Basin in Washington. Sixteen sites have been
sampled in the Palouse mainstem, 12 in Washington (Whitman
county), from below Palouse Falls to the Washington/ Idaho border, and 4 in Idaho (Schultz and DeLacy 1935/1936; Munn 1993;
Maughan et al. 1980; Mendel et al. 1999; Cochnauer et al. 2001;
Scholz 2002, 2003). The only site where brook trout were observed
was in the uppermost site in Idaho. Brook trout were also pres-
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ent at 11 of 35 sites sampled on three headwater tributaries of the
Palouse River in Idaho (Cochnauer et al. 2001).
Brook trout were absent at 9 sites on Cow Creek, including
Sprague, Hallin, Cow and Finnell Lakes and 5 sites sampled in the
creek. No brook trout were killed during a rehabilitation of Lost
Lake, Adams County in 1947 (WSGC 1947). Lost Creek is a tributary
to Cow Creek and Cow Creek in a tributary of the Palouse River in
Adams County, Washington. At Sprague Lake, Adams and Lincoln
counties, no brook trout were among 29,020 fish sampled by electrofishing, gill netting and fyke netting in 1977–1979, 1985–1988, 1991,
1993–1994, 1997, 1999, 2002, and 2004 (Duff et al. 1977, 1980; Zook
1980, Whalen 1989; Willms 1989; Willms et al. 1989; Scholz 1992,
1994, 1995, 2005; Jackson 2000; Taylor 2000, Schmuck and Peterson
2006). At Cow Lake no brook trout were found among 264 fish
sampled in 1998 (Jackson 19 98). Also, no brook trout were among
172 fish sampled by backpack electrofishing at 5 sites on Cow Creek
between its confluence with the Palouse River and the outlet at
Finnell Lake (Maughan et al. 1980; Scholz 2000, 2002, 2003). WDFW
has conducted rotenone rehabilitation projects on the Cow Creek
watershed in 1970, 1973, 1985, 1980, 1990 and 1998. Occasionally,
WDFW has reported that brook trout were killed in cold groundwater springs that empty into Cow Creek near Hallin, Cow, and
Finnell lakes. The distribution of brook trout in the Palouse Basin,
Washington is currently limited to those occurrences.
No brook trout were found among 1,973 total fish sampled at 29
sites in Union Flat Creek in 1995 (Havens 1996). None were found
at 64 sites sampled on Union Flat Creek or its tributaries (Cow
Creek, Thorne Creek, Little Thorne Creek in 1996 (Havens 1997).
No brook trout were among 12,920 fish captured at 42 sites sampled on the Turnbull National Wildlife Refuge that form the headwaters of Rock Creek (Scholz 2002). No brook trout were among
5,413 fish captured at 38 sites by backpack electrofishing in Rock
Creek or 1,093 fish captured at 5 sites in Imbler Creek, tributary
of Rock Creek, in 2004 and 2005 (Porter 2006). No brook trout
were captured among 1,489 fish sampled in Chapman Lake in 2002
(Divens and Osborne 2004). 4,957 fish sampled in Bonnie Lake in
2002 (Phillips 2006); or 3,021 fish sampled in Rock Lake in 1999
(McLellan 2000).
No brook trout were found among 2,739 fish sampled at 31 sites
in Cottonwood Creek, 10 sites on Kamiche Creek, and 14 sites in
Pleasant Valley Creek in the Cottonwood Creek drainage, tributary of Rock Creek in 2003 (Fox 2005). No brook trout were found
among 5,625 fish sampled at 43 sites in Pine Creek, 8 sites in Thorne
Creek, 5 sites in Cache Creek, 4 sites in Squaw Creek, 5 sites in
North Pine Creek, 3 sites in Spring Valley Creek, 2 sites in Cabbage
Creek, and 3 sites in Spring Creek is the Pine Creek drainage, tributary of Rock Creek, in 2003 (Glover 2004).
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No brook trout were found at 5 sites sampled on the South
Fork of the Palouse River or 5 sites in Paradise Creek, tributary
of the South Fork (Schultz and DeLacy 1935/1936; Maughan et al.
1980; Munn 1993; Rabe et al. 1993). None were captured at 4 sites
sampled at Rebel Flat Creek, tributary of the Palouse River, in 2002
(Scholz 2003).
No brook trout were observed in the following tributaries that
enter the Snake River in Whitman County: Alkali Flat Creek (n = 17
sites sampled), Rock Spring Gulch Creek (n = 4 sites, tributary of
Alkali Flat Creek), Penewawa Creek (n = 9 sites), Little Penewawa
Creek (n = 3 sites, tributary of Penewawa Creek), Almota Creek
(n = 12 sites), Little Almota Creek (n = 2 sites, tributary of Almota
Creek), Wawawi Creek (n = 5 sites) and Steptoe Creek (n = 8 sites)
(Mendel et al. 2004a, 2004c).
Brook trout (n = 11,000) were stocked in Deadman Creek,
tributary of the Snake River, Garfield County, in 1916 (Darwin
1917). Brook trout (n = 11,000 and 25,000) were stocked into
Alpowa Creek, Asotin County, tributary of the Snake River in 1916
and 1918 (Darwin 1917, 1920). Between 1913 and 1922 brook trout
were planted in Asotin Creek and several of its tributaries, Asotin
County. Asotin Creek is a tributary of the Snake River. A total of
236,200 brook trout were planted into the mainstem of Asotin
Creek, and 33,000 were planted in Charley Fork, 112,000 were
planted in George Creek, 30,000 were planted in Pintler Creek, and
20,000 were planted in Asotin Creek (South Fork) (Darwin 1916,
1917, 1920, 1921; Dibble and Kinney (1923). Also in 1916, 1917 and
1919, a total of 31,000 brook trout were planted into Tenmile Creek,
another tributary that joins the Snake River in Asotin County.
None of these plants produced any self perpetuating populations
of brook trout.
No brook trout were found during electrofishing surveys in the
following tributaries that enter the Snake River in Garfield County.
7 sites in Deadman Creek, 3 sites on Deadman Creek (North Fork),
6 sites on Deadman Creek (South Fork), 2 sites on the Lynn Gulch
Creek (tributary of Deadman Creek), 10 sites in Meadow Creek
(Mendel et al. 2004c).
No brook trout were observed in the following tributaries that
enter the Snake River in Asotin County: Asotin Creek or its tributaries [Asotin (North Fork), Asotin (South Fork), Coombs, Cougar
Canyon, Couse, George, Hefflefinger, Nimms, Pintler, and Wormhill
Gulch creeks], Tenmile Creek, and Grande Ronde River or its tributaries (Buford, Grouse, Meyers, and Shoemaker creeks) (Mendel
et al. 2004b, 2004c; Meyer and Schuck 20044; Mayer et al. 2006).
Brook trout were also absent from the following tributaries of the
Wenaha River: Beaver, Butte, Butte (East Fork), Butte (West Fork),
Deep Saddle and Preacher creeks (Mendel et al. 2004b, 2004c). The
Wenaha is a major tributary that joins the Grande Ronde.
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LAKE TROUT
Salvelinus namaycush (Walbaum, 1792)
Primary Identification

Confirming Characters

1.

Adipose fin present.

2.

Axillary process present at front end of pelvic fins.

3.

Light (white) spots on dark background.

4.

Pectoral, pelvic and anal fin with faint (translucent),
and no contrasting black bar interior to white edge.

1.

No vermiculations (worm-like marks) on back, but
back and sides covered with white spots.

2.

Tail deeply forked (i.e., shortest caudal ray <½ length
of longest caudal ray).

3.

Prominent crest on vomer.

Figure 16.49 Lake trout, Bead Lake, Pend Oreille County, WA.

Similar Species
Similar to three other salmonids (charr) that have light spots on a
dark background.
1.

2.

Brook trout (page 1398) have vermiculations on
back. Their pectoral, pelvic and anal fins are lined
with contrasting white and black leading edge. They
usually have multicolored white, yellow, orange, red
and blue-haloed spots.
Bull trout/Dolly varden have no vermiculations on
back. Their pectoral, pelvic and anal fins are edged in
white but with no contrasting interior black bar. They
have creamy orange to red colored spots. Their tail is
not deeply forked (i.e. shorter caudal ray >½ length
of the largest caudal ray. Crest on their vomer are
absent or small.

Etymology
Salvelinus: Latinized version of an ancient Scandinavian name
(Salvelin) for charr.
namaycush: A vernacular name used by Cree Indians in the Hudson
Bay region where the type specimen was collected. The Cree name
namekos means “dweller of the deep” (Behnke 2002: 288).
Note: For many years the lake trout was placed in the genus
Cristivomer, which is still used by some taxonomists as a subgenus.
1412

The name is derived from L. Crist-i (crested) and –vomer (a plowshare). The vomer is bone in the roof of the mouth shaped vaguely
like an old horse-drawn plow. In lake trout there is a raised crest on
the head of the vomer.

Pronunciation
Salvelinus - Săl-vĕ-lîne-us or Săl-vĕl-î-nűs
namaycush - nă-mây-cűsh

Common Name(s)
Lake trout (AFS name), mackinaw, namaycush (see etymology),
Great Lakes trout (the common name used by most early taxonomists), laker, Gray trout or charr (in reference to the absence of red
spots that are observed in other species of charr), Longe, Tongue.
Siscowet or “fat trout” refers to a race of lake trout in Lake Superior
that are stunted, stouter and have a higher fat content than typical lake trout. They usually live at depths of 90 meters (300 ft) or
greater, whereas typical lake trout occur at shallower depths. The
morphological differences between the siscowet and normal lake
trout are so striking that it was originally described as a distinct
species Salmo siscowet by Louis Agassiz in his monograph Lake
Superior (Agassiz 1850: 333). Indian tribes living around lake superior classified lake trout and siscowet as different species (Suckley
1874). The siscowet is now relegated to the status of subspecies
Salvelinus namaycush siscowet.
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Systematic Notes
Lake trout were first described as Salmo namaycush by Walbaum
(1792: 68). Type locality was the Hudson Bay region. Lake trout
from different regions exhibited a great deal of color variation, resulting in local populations being given many scientific names (e.g.
Salmo adirondacus, S. amethystinus, S. confinus, S. pallidus, S. symmetricus–see scientific synonyms) in the early 1800s.
Richardson (1836) erected the genus Salvelinus to distinguish
charr from other salmonids. Charr were distinctive because they
had light colored spots on a dark background whereas salmon
and trout had dark colored spots on a light colored background.
Another difference between charr and other salmonids was their
vomer (a bone on the roof of the mouth). Charr had teeth only
on the head of the vomer whereas other salmonids had teeth on
the head and shaft of the vomer. Interestingly, Richardson still described the lake trout as Salmo.
The lake trout possesses four distinctive characters that separate
it from other charr. First, it lacks red spots whereas all other charr
have them. Second, it’s caudal fin is deeply forked, with the shortest
ray less than ½ the length of the longest ray. In all other charr the
shortest caudal ray is greater than ½ the length of the largest caudal
ray. Third, the number of pyloric caeca in lake trout (n = 91–170)
does not overlap those of other charr, which do overlap [Dolly
Varden and bull trout (n = 16–40), brook trout (n = 21–50) and
arctic charr (n = 26–65)]. Fourth, a raised crest behind the head
of the vomer and free from its shaft, armed by a crown of teeth,
was present in lake trout but not so well developed in other charr.
For these reason, Gill and Jordan (1878: 356) classified lake trout in
the genus Cristivomer and all other charr in the genus Salvelinus.
Cristivomer is a Latin word that literally means ‘crested vomer’, alluding to the crown-like teeth on the head of the vomer. The lake
trout was called Cristivomer namaycush by Gill and Jordan (1878).
Jordan and his coworkers vacillated between Cristivomer and
Salvelinus as the proper genus for lake trout before finally settling
upon Cristovomer. Jordan and Gilbert (1883) described lake trout
under the name Salvelinus namaycush but Jordan and Evermann
(1896–1900: 504) called it Cristivomer namaycush. Kendall
(1918: 78) solidified this name when he determined that the ethmoid bone of lake trout was longer and more slender than that of
other charr. In their last major paper Jordan, Evermann and Clark
(1930: 59) still called lake trout Cristivomer namaycush and this
name was used by most North American fish taxonomists until the
mid to late 1950s. The first edition of the AFS common and scientific names of fishes book (Chute et al. 1948) described the species
under this name.
Morton and Miller (1954: 116) revived the name Salvelinus
namaycush for lake trout. In their paper, they compared the vomers of hundreds of individual lake trout with hundreds of arctic charr (S. alpinus), Dolly varden (S. malma) (included both S.
malma and bull trout S. confluentus), and brook trout S. fontinalis.
Previous authors had compared only a few individuals of each species. The larger number sampled by Morton and Miller enabled
them to obtain a better picture of the variation in each species.
They found that the crest character of the vomer was highly variable in each species and was, hence, not especially distinctive in
lake trout. Additionally, when they compared a number of meristic
characters, they found that the lake trout overlapped the other species of charr. They recommended that the lake trout be classified
as Salvelinus namaycush and that Cristivomer be used as a subge-

nus, Salvelinus (Cristivomer) namaycush, by those who wanted to
continue to emphasize the difference between lake trout and other
charr. This change was adopted by Bailey et al. (1960) in the second
edition of the AFS fish names book and has not changed in subsequent (#s 3–6) editions (Bailey et al. 1970; Robins et al. 1980, 1991;
Nelson et al. 2004).
Vladykov (1954: 902) in his review of the taxonomic characters
of North American charrs concluded that the lake trout belonged
to in its own genus based upon a number of osteological difference and the presence of spawning tubercles (pearl organs) in both
sexes. Salmon, trout and other species of charr lack pearl organs,
whereas whitefishes possess them, which made lake trout unique.
Vladykov called lake trout Cristivomer namaycush, placed brook
trout in the subgenus Baione [Salvelinus (Baione) fontinalis] and the
remaining charrs in the subgenus Salvelinus. However, Vladykov’s
placement of the lake trout was not accepted by the scientific community because Morton and Miller’s (1954) recommendation was
thought to carry more weight. Behnke (1980) in his systematic revision of genus Salvelinus adopted many of Vladykov’s ideas with
the exception that he followed Morton and Miller’s recommendation to place Cristivomer as a subgenus of Salvelinus.
A second morphological variant of lake trout, commonly called
the siscowet or ‘fat trout’ was discovered by Louis Agassiz in Lake
Superior (Agassiz 1850: 323), which he named Salmo siscowet. This
is now regarded as a subspecies of lake trout Salvelinus namaycush
siscowet. See additional comments in common name(s) section.
Lake trout eggs have been successfully fertilized with brook
trout sperm to produce a fertile hybrid called “Splake” or
“Wendigo.” Splake grow faster than either parent and become sexually mature in three years. Five to six year old splake can weigh
up to 7.2 kg (16 lb).
Behnke (1972, 1980) speculated that a Salvelinus ancestor diverged in the late Pliocene-early Pleistocene, from 1–3 million
years ago, to fill two salmonid niches: a large lacustrine predator
(lake trout) and a smaller generalized lentic species (brook trout).
Behnke noted that the higher number of pyloric caeca in lake
trout could possibly be related piscivory as piscivorous salmonids
tended to have higher counts of pyloric caeca than nonpiscivorous
salmonids.
Biochemical genetic investigations (protein and mtDNA) of lake
trout were conducted to investigate stock structure (Grewe and
Herbert 1988: Ihssen et al. 1988) and current geography related to
post glacial dispersal (Wilson and Herbert 1996, 1998). Wilson and
Herbert (1998) noted that the “history and biology [of lake trout]
are intimately linked to Pleistocene glaciations. The species range corresponds closely to glacial limits and lake trout are largely restricted
to deep water habitats created by glacial scouring (Martin and Oliver
1980).”
Wilson and Herbert (1999) examined 64 lake trout from 16
locations across the species ranges by using restriction enzymes
to screen for variation (haplotypes ) in mtDNA. Their results indicated the presence three distinctive lineages that diverged before
or during the Pleistocene. Each lineage was isolated by glacial
advances and survived in five different glacial refugia. (Atlantic,
Beringia, Nahanni in northern British Columbia, Missouri River
in Montana, and Mississippi). Large Proglacial lakes that formed
as ice caps melted resulted in widespread dispersal from these refuges, so present distribution reflects secondary contact among the
refuge populations.
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Salmo adirondacus sp. nov.

Scientific Synonyms

Norris (1865: 255).

Salmo namaycush original description.

Salmo amethystinus sp. nov.

Walbaum (1792: 68)

Mitchill (1818: 410).

Salmo namaycush (Walbaum)

Richardson (1836: 173); Günther (1866: 123); Suckley (1874: 151).

Cristivomer namaycush (Walbaum)

Gill and Jordan (1878: 356); Jordan (1878: 794; 1880: 359);
Jordan and Gilbert (1882: 317); Jordan (1888: 387) ~ British
Columbia; Evermann (1895: 115); Jordan and Evermann (1896:
504; 1902: 203); Henshall (1906: 5) ~ native to Elk Lake, MT,
planted in Shoshone and Lewis Lakes in Yellowstone National
Park; Evermann and Goldsborough (1907: 102); Fowler
(1911: 554); Kendall (1919: 78); Whitehouse (1919: 52); Jordan et
al. (1930: 59); Schultz (1934: 3782; 1936: 138) Schultz and DeLacy
(1935/1936: 373); Snyder (1940: 138); Schultz (1942: 21) ~ native
to east slope of Glacier National Park, Montana and introduced
in Flathead Lake, Montana; Carl and Clemons (1948: 4363);
Chute et al. (1948: 8); Hildebrand (1949: 9); Groves (1951: 15) ~
Moses Lake–escaped from Trout Lodge Hatchery; Simon (1951:
46); Vladykov (1954: 902); Symington (1959: 3); Rounsefell
(1962: 265).

Cristivomer namaycush

Keil (1928: 110) ~ planted in tributaries of Pend Oreille Lake,
Idaho; Locke (1929: 188); Chapman (1942: 11) ~ planted in Ferry,
Pend Oreille and Spokane counties, Washington.

Cristivomer namaycush namaycush (Walbaum)

Hubbs (1926: 17); Simon and Simon (1939: 22), Hubbs and
Lagler (1947: 37); Simon (1951: 46).

Salvelinus namaycush (Walbaum)

Jordan and Gilbert (1883: 317); Morton and Miller (1954: 116);
Troutman (1957: 78, 194; 1987: 84, 228); Carl et al. (1959: 58);
Bailey et al. (1960: 12; 1970: 17); LaRivers (1962: 257; 1994:
257); Sigler and Miller (1963: 49); Carl et al. (1967: 58); Baxter
and Simon (1970: 41); Paetz and Nelson (1970: 79); McPhail
and Lindsey (1970: 37); Scott and Crossman (1973: 220; 1998:
220); Eddy and Underhill (1974: 165); Morrow (1974: 39; 1980:
55); Moyle (1976: 152); Wydoski and Whitney (1979: 49; 2003:
102); Lee et al. (1980: 117); Robins et al. (1980: 19); Simpson
and Wallace (1982: 20); Sigler and Sigler (1987: 135); Sublette
et al. (1990: 72); Baxter and Stone (1995: 196); Sigler and Sigler
(1996: 213); (Moyle 2002: 303).

Salvelinus namaycush (Walbaum, 1792)

Hubbs et al (1979: 7); Robins et al. (1991: 28); Mecklenburg et
al. (2002: 198); Nelson et al. (2004: 86); Scholz and McLellan
(2009: 203; 2010: 455).

Salvelinus namaycush namaycush (Walbaum)
Becker (1983: 323).

Salvelinus namaycush

Regan (1920: 25); Brown (1971: 62); McGinnis (1984: 135); Page
and Burr (1991: 43); Holton and Johnson (1996: 67); Behnke
(2002: 283).

Salvelinus (Cristivomer) namaycush
Behnke (1972: 639; 1980: 470).
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Salmo confinus sp. nov.
DeKay (1842: 238).

Salmo confinus DeKay
Suckley (1874: 153).

Salmo pallidus sp. nov.
Rafinesque (1817: 20).

Salmo siscowet sp. nov.

Agassiz (1850: 333) ~ Lake Superior.

Salmo siscowet Agassiz
Suckley (1874: 156).

Salvelinus siscowet (Agassiz)

Eddy and Underhill (1974: 168).

Cristivomer namaycush siscowet (Agassiz)

Jordan and Evermann (1896: 506); Evermann and Goldsborough
(1907: 102); Hubbs (1926: 17); Hubbs and Lagler (1947: 37).

Cristivomer namaycush huronicus Hubbs
Hubbs and Lagler (1947: 27).

Salvelinus namaycush siscowet (Agassiz)
Becker (1983: 330).

Salmo symmetricus sp. nov.
Prescott (1851: 340).

Salmo symmetrica Prescott
Suckley (1874: 157).

Salar namaycush

Valenciennes in Cuvier and Valenciennes (1848: 348).

Distribution and Stock Status
Lake trout are native only to North America. They are distributed
widely across Canada from the Atlantic Ocean to the Pacific Ocean,
from the U.S./Canadian border to the Arctic Ocean. In the United
States they were native to 13 states in New England (Maine, New
Hampshire, Vermont), the Great Lakes (New York, Pennsylvania,
Ohio, Indiana, Michigan, Illinois, Wisconsin, Minnesota),
Montana and Alaska. They were not native to the Columbia River
Basin in Montana or British Columbia (Henshall 1906; Carl et al.
1967; Brown 1971; Scott and Crossman 1973).
In Montana, lake trout were native to nine lakes east of the continental divide (Henshall 1906; Schultz 1941; Vincent 1963; Brown
1971; Holton and Johnson 1996). These lakes were Elk Lake (headwater of the Jefferson Fork Missouri River in Beaverhead County),
Twin Lake (Big Hole River drainage, Deer Lodge County), lower
Two Medicine Lake (Missouri River drainage, Glacier National
Park), and Waterton, Chief Mountain, Crossley, Glenns, and St.
Mary’s lakes (Saskatchewan River drainage, Glacier National Park).
Natural occurrence of lake trout in British Columbia was first
reported by David Starr Jordan (1888), who received two specimens
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taken by Mr. A. Green at Canim Lake and Lac la Hache (Fraser
River Drainage) near 100 Mile House on the Cariboo Wagon Road
(now BC highway 97). Mr. Green “pressed his bean pot and all his
wisky into service” to preserve the specimens and sent them to
Jordan, who forwarded one to the U.S. National Museum (USNM
#39343) and retained the other for the University of Indiana’s
fish collection. Eigenmann (1895), Evermann and Goldsborough
(1907), Dymond (1936), and McPhail and Lindsay (1971) and Scott
and Crossman (1973) extended the range to include much of northern portions of the Province (upper Fraser, Peace and Skeena River
drainages).
Lake trout distribution in Alaska is rather curious in the
sense that they are found along the Arctic Coast (north of the
Brooks Range) and along the Pacific Coast, but are entirely absent
from Yukon River drainage in the interior (Morrow 1974, 1980;
Mecklenburg et al. 2002). (The Yukon River runs in an east-west
direction and bisects the state into north and south halves.)
Lake trout have been introduced to 22 states including Idaho,
Montana (west of the continental in the Columbia River Basin)
and Washington (Fuller et al. 1999). In Montana, lake trout were
notably introduced into Flathead Lake. In Idaho, 18,000 lake trout
were introduced into Lake Pend Oreille, Bonner County, by the
U.S. Bureau of Fisheries in 1911 (U.S. Bureau of Fisheries 1911).
Priest Lake, Bonner County Idaho, was first stocked with lake
trout in 1925 (Bjornn 1957). Other early plants in Idaho were in
Coeur d’Alene Lake (n = 1,600 in 1913, Johnson 1914) and Twin
Lakes (n = 4,000 in 1911, U.S. Bureau of Fisheries 1911 and n = 1,600
in 1913, Johnson 1914), Kootenai County, Idaho. The plants into
Coeur d’Alene and Twin Lakes failed but lake trout stocked in Pend
Oreille and Priest Lake reproduced naturally and became established in each lake.
In Washington, I have stocking records for 2,948,855 lake trout
planted in 32 different lakes in eastern Washington between 1904
and 2000 (Table 16.95).
Noteworthy plants included 1,027,241 lake trout stocked into
Lake Chelan, Chelan County by WDFW between 1980 and 2000.
These plants resulted in the establishment of a self-perpetuating
lake trout population in the lake. Lake trout fry (<32 mm TL) and
fingerlings (75–100 mm TL) were collected in the mainstem and
tributaries of the lower Stehekin River (WDFW 2002), the main inlet of Lake Chelan, indicating that an adfluvial population of lake
trout may now be present. Figure 16.50 shows examples of lake
trout caught in Lake Chelan.
From 1915 to 1938, the U.S. Bureau of Fisheries and Washington
state fisheries agencies stocked 364,823 lake trout into Deer Lake,
Stevens County. Lake trout have been naturally reproducing in the
lake since that time. In fish surveys conducted by EWU in 1985, 14
lake trout, ages 1–8, 288–820 mm TL and 0.4–5.4 kg weight, were
collected in Deer Lake (Scholz et al. 1988). In 2000, four lake trout,
494–522 mm TL, were collected during a WDFW survey (Divens
2002). Creel surveys were conducted at Deer Lake from 1938–1940,
1948–1974 and 1982–1985 and data were summarized by Scholz et
al. (1988). From 1938–1941, 4,935 anglers interviewed caught 472
lake trout (0.1 lake trout/angler trip) From 1949–1973, 7,947 anglers
interviewed caught 111 lake trout (0.01 lake trout/angler trip), indicating that catch rates declined after stocking ceased. From 1982–
1985, 405 anglers interviewed caught 25 lake trout (0.06 lake trout/
angler trip), indicating that natural reproduction had maintained
the population over the long term.

From 1900 to 1938 and 1981 to 1995, the U.S. Bureau of Fisheries
and Washington Department of Fish and Wildlife stocked 489,482
lake trout in Loon Lake, Stevens County. By 1911 lake trout became
established as a result of the plants made in 1900 (Kemmerer et
al. 1923). In 1911, dissolved oxygen at the bottom of the lake was
5.3 mg/L, sufficient to support lake trout (Kemmerer et al. 1923).
However, depletion of hypolimnetic oxygen caused by cultural eutrophication gradually reduced the survival of naturally produced
lake trout (Scholz et al. 1988). A combination of development of
lake shore homes with cesspools or septic tanks that leaked nutrients into the lake, plus addition of zooplanktivorous fish such
as kokanee and rainbow trout that cropped off large cladocerans
(the most efficient grazers of phytoplankton), both contributed to
increased algae production in Loon Lake. Phytoplankton have a
short life span. When they die, they sink to the bottom and decompose. Decomposition involves chemical reactions that consume
oxygen. By 1972–1978, dissolved oxygen was 2–3 mg/L throughout
most of the hypolimnion (Bishop 1973; Singleton et al. 1985), and
by 1985 dissolved oxygen was 0–1.7 mg/L throughout the hypolimnion (Scholz et al. 1988). The bottom six meters (24–30 m) was
anoxic and the 18–24 meter depth contained only 0.2–0.3 mg/L
(Scholz et al. 1988). These low levels of oxygen were insufficient
to support lake trout, which require about 3–4 mg/L dissolved
oxygen. Lake trout, were forced to spend more time in the thermocline, where oxygen was available but temperature was warmer,
requiring them to expend more of the energy for basal metabolism
and activity. This reduced the amount of energy available for storage in body growth, giving them less of a hedge at surviving stressful conditions. Reduced energy level was a particular problem for
young-of-the-year and yearling lake trout because their small (low
weight) bodies had low energy reserves under the best circumstances. Natural reproduction still occurs in Loon Lake but is more
limited now because of varying rates of survival of offspring.
Consistent with lower survival of lake trout, creel data collected
at Loon Lake showed a 5-fold decrease in catch rate from the 1938–
1941 to the early 1980s. From 1938–1941, 4,935 anglers interviewed
caught 472 (0.10 lake trout/angler) lake trout in Loon Lake. From
1948 to 1985, 8,569 anglers interviewed caught 139 lake trout (0.02
lake trout/angler). Kokanee abundance in Loon Lake increased
(because of less predation by lake trout) and began to overconsume
their own prey base, (zooplankton), resulting in a stunted kokanee
population (Scholz et al. 1988). The average size of kokanee in angler creels was 403 mm (353–480 mm) in 1947 (n = 44) when lake
trout were abundant, but declined to 244 mm (146–304 mm) in
1983 (n = 467) and 226 mm (203–254 mm) in 1985 (n = 45) as lake
trout catch declined (Scholz et al. 1988). Consequently, after a gap
of 43 years (1939–1980) when no lake trout were stocked, lake trout
stocking resumed at Loon Lake in 1981 and continued through
1995. The lake was stocked nine times during the interval. The purpose of this stocking was two-fold. First it augmented the limited
natural reproduction of lake trout. Second, it increased the potential number of predators of kokanee. In response, by 1987, kokanee
abundance in Loon Lake began to decline but individual kokanee
grew to larger sizes (350–450 mm TL).
In electrofishing and gillnet surveys conducted at monthly
intervals in Loon Lake from April–October in 1985, 17 lake trout
were collected among 1,413 total fish collected (Scholz et al. 1988).
Relative abundance of lake trout was 1.2%. In electrofishing, gillnet
and fyke net surveys, conducted in September 2005, 6 lake trout,
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Figure 16.50 A)Taxidermy mount of Idaho state record lake trout (49 in TL, 57.5 lbs) caught in Priest Lake, Idaho November 14, 1971; B)
Washington state record lake trout (44.5 in TL, 35.625 lbs) caught in Lake Chelan December 31, 2001; C-E) Other large lake
trout caught in Lake Chelan. Photograph B courtesy of Phil Colyar © 2013, all rights reserved. Photographs C-E courtesy
of Andrew Byrd of Darrell & Dad's Family Guide Service.
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Table 16.95

Stocking records for lake trout Salvelinus namaycush in eastern Washington Counties, 1904–2000. The table is organized
alphabetically by county, then alphabetically by lake, then chronologically by date stocked. (Page 1 of 3.)

County

Lake

Year

Number Stocked

Reference

Chelan

Eightmile Lake

1917

8,100

Darwin (1920)

Chelan

Lake Chelan

1980

16,572

WDFW fish stocking database

Chelan

Lake Chelan

1981

7,000

WDFW fish stocking database

Chelan

Lake Chelan

1982

1,962

WDFW fish stocking database

Chelan

Lake Chelan

1987

51,600

WDFW fish stocking database

Chelan

Lake Chelan

1988

73,140

WDFW fish stocking database

Chelan

Lake Chelan

1990

128,700

WDFW fish stocking database

Chelan

Lake Chelan

1991

46,500

WDFW fish stocking database

Chelan

Lake Chelan

1992

91,990

WDFW fish stocking database

Chelan

Lake Chelan

1993

90,200

WDFW fish stocking database

Chelan

Lake Chelan

1994

12,000

WDFW fish stocking database

Chelan

Lake Chelan

1995

52,670

WDFW fish stocking database

Chelan

Lake Chelan

1996

108,450

WDFW fish stocking database

Chelan

Lake Chelan

1997

86,586

WDFW fish stocking database

Chelan

Lake Chelan

1998

86,390

WDFW fish stocking database

Chelan

Lake Chelan

1999

87,875

WDFW fish stocking database

Chelan

Lake Chelan

2000

85,606

WDFW fish stocking database

Grant

Deep Lake

1986

10,000

WDFW Fish Stocking Data Base

Grant

Deep Lake

1987

13,275

WDFW Fish Stocking Data Base

Grant

Deep Lake

1988

2,520

WDFW Fish Stocking Data Base

Grant

Deep Lake

1989

10,516

WDFW Fish Stocking Data Base

Grant

Deep Lake

1990

4,080

WDFW Fish Stocking Data Base

Grant

Deep Lake

1992

20,250

WDFW Fish Stocking Data Base

Grant

Goose Lake (upper)

1987

24,721

WDFW Fish Stocking Data Base

Grant

Goose Lake (upper)

1989

10,488

WDFW Fish Stocking Data Base

Kittitas

Cle Elum Lake

1920

12,500

Darwin (1921a)

Kittitas

Cle Elum Lake

1921

50,000

Dibble and Kinney (1923)

Kittitas

Fish Pond (Wenatchee

1900

5,000

Kershaw (1904)

Lincoln

Little Falls Reservoir

1913

1,600

Johnson (1914)

Lincoln

Spokane River

1914

750

Johnson (1915)

Lincoln

Deer Creek

1938

4,000

WDFW Fish Stocking Data Base

Okanogan

Bonaparte Lake

1918

50,000

Darwin (1920)

Okanogan

Brewster Lake

1917

8,100

Darwin (1920)

Okanogan

Chopaka Lake

1918

29,000

Edwards (1961); Williams (1974)

Okanogan

Palmer Lake

1918

46,300

Darwin (1921a)

Okanogan

Palmer Lake

1920

20,000

Darwin (1921a)

Okanogan

Paragon Lake

1918

50,000

Darwin (1921a)

Table 16.95 continued on next page.
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Table 16.95 continued Stocking records for lake trout Salvelinus namaycush in eastern Washington Counties, 1904–2000. The table is
organized alphabetically by county, then alphabetically by lake, then chronologically by date stocked. (Page 2 of 3.)
County

Lake

Year

Number Stocked

Reference

Okanogan

Spectacle Lake

1918

50,000

Darwin (1920)

Okanogan

Spectacle Lake

1920

45,720

Darwin (1921a)

Pend Oreille

Bead Lake

1921

100,000

Dibble and Kinney (1923)

Pend Oreille

Bead Lake

1933

27,450

WDFW fish stocking data base

Pend Oreille

Bead Lake

1936

30,580

WDFW fish stocking data base

Pend Oreille

Bead Lake

1938

50,994

WDFW fish stocking data base

Pend Oreille

Bead Lake

1965

77,601

WDFW fish stocking data base

Pend Oreille

Davis Lake

1913

1,600

Johnson (1914)

Pend Oreille

Davis Lake

1983

7,200

WDFW fish stocking data base

Pend Oreille

Horseshoe Lake

1982

4,123

WDFW fish stocking data base

Pend Oreille

Horseshoe Lake

1983

10,080

WDFW fish stocking data base

Pend Oreille

Horseshoe Lake

1985

4,200

WDFW fish stocking data base

Pend Oreille

Horseshoe Lake

1986

2,184

WDFW fish stocking data base

Pend Oreille

Kings Lake

1936

5,250

WDFW fish stocking data base

Spokane

Badger Lake

1906

3,997

U.S. Bureau of Fisheries (1907)

Spokane

Chapman Lake

1906

3,995

U.S. Bureau of Fisheries (1907)

Spokane

Clear Lake

1982

4,340

WDFW fish stocking data base

Spokane

Clear Lake

1983

10,120

WDFW fish stocking data base

Spokane

Clear Lake

1986

30,100

WDFW fish stocking data base

Spokane

Clear Lake

1994

10,050

WDFW fish stocking data base

Spokane

Clear Lake

1997

282

WDFW fish stocking data base

Spokane

Otter (near Medical) Lake

1908

5,000

U.S. Bureau of Fisheries (1909)

Spokane

Newman Lake

1900

14,953

Doan (1902)

Stevens

Deep Lake

1904

2,000

Kershaw (1904); Titcomb (1905)

Stevens

Deep Lake

1918

10,000

Darwin (1920)

Stevens

Deer Lake

1915

6,000

Johnson (1917)

Stevens

Deer Lake

1918

30,000

Darwin (1920)

Stevens

Deer Lake

1921

32,000

Dibble and Kinney (1923)

Stevens

Deer Lake

1922

132,000

Dibble and Kinney (1923)

Stevens

Deer Lake

1933

6,926

WDFW fish stocking data base

Stevens

Deer Lake

1935

92,070

WDFW fish stocking data base

Stevens

Deer Lake

1936

7,500

WDFW fish stocking data base

Stevens

Deer Lake

1938

58,327

WDFW fish stocking data base

Stevens

Loon Lake

1900

26,930

Doan (1902); Kershaw (1904)

Stevens

Loon Lake

1915

6,000

Johnson (1917)

Stevens

Loon Lake

1920

30,000

Darwin (1920)

Stevens

Loon Lake

1921

25,000

Dibble and Kinney (1923)

Stevens

Loon Lake

1922

65,000

Dibble and Kinney (1923)

Table 16.95 concluded on next page.
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Table 16.95 concluded Stocking records for lake trout Salvelinus namaycush in eastern Washington Counties, 1904–2000. The table is
organized alphabetically by county, then alphabetically by lake, then chronologically by date stocked. (Page 3 of 3.)
County

Lake

Year

Number Stocked

Stevens

Loon Lake

1933

7,500

WDFW fish stocking data base

Stevens

Loon Lake

1935

92,000

WDFW fish stocking data base

Stevens

Loon Lake

1936

17,000

WDFW fish stocking data base

Stevens

Loon Lake

1938

57,167

WDFW fish stocking data base

Stevens

Loon Lake

1981

16,500

WDFW fish stocking data base

Stevens

Loon Lake

1983

10,072

WDFW fish stocking data base

Stevens

Loon Lake

1985

56,620

WDFW fish stocking data base

Stevens

Loon Lake

1986

29,520

WDFW fish stocking data base

Stevens

Loon Lake

1991

10,000

WDFW fish stocking data base

Stevens

Loon Lake

1992

10,047

WDFW fish stocking data base

Stevens

Loon Lake

1993

10,010

WDFW fish stocking data base

Stevens

Loon Lake

1994

10,050

WDFW fish stocking data base

Stevens

Loon Lake

1995

10,166

WDFW fish stocking data base

Stevens

Pierre Lake

1903

6,800

Kershaw (1904)

Stevens

Pierre Lake

1904

9,900

Kershaw (1904); Titcomb (1905)

Stevens

Summit Lake

1904

9,990

Kershaw (1904); Titcomb (1905)

Stevens

Waitts Lake

1918

30,000

Darwin (1920)

Stevens

Waitts Lake

1921

25,000

Dibble and Kinney (1923)

Stevens

Waitts Lake

1922

65,000

Dibble and Kinney (1923)

Whitman

Bonnie Lake

1906

4,000

U.S. Bureau of Fisheries (1907)

Yakima

Bumping Lake

1920

23,500

Darwin (1921a)

Total

2,948,855

579–866 mm TL, were collected among 1,505 total fish collected
(McLellan et al. 2007). Relative abundance of lake trout was 0.4%.
Thus, lake trout abundance appears to still be declining in Loon
Lake.
Lake trout failed to become established in the majority of the
32 lakes where they were stocked. In addition to the lakes already
mentioned (Chelan, Deer and Loon), the only other lakes in eastern Washington where self-sustaining populations of lake trout
became established were Eightmile (Chelan County), Cle Elum
(Kittitas County), Bonaparte (Okanogan County) (Wydoski and
Whitney 2003), Bead Lake (Pend Oreille County) (Mongillo and
Hallock 1995; Polacek et al. 1999; Rader 2005; Rader at al. 2005),
and Horseshoe Lake (Pend Oreille County) (Mongillo and Hallock
1998; McLellan et al. 2005). For example, Bead Lake was last stocked
with lake trout in 1965 but lake trout were recorded in three fish
surveys conducted in 1993, 1999 and 2004. In 1993, four lake trout,
170–780 mm TL, were collected in a sample of 111 fish from 10 gill
net sets (Mongillo and Hallock 1995). Relative abundance was 3.6%
lake trout and CPUE was 0.4 lake trout per net set. In 1999, 3 lake
trout, 375–725 mm TL, were collected in a sample of 74 fish from 13
gill net sets (Polacek et al. 1999). Relative abundance was 4.0% and
CPUE was 0.2 lake trout per net set. In 2004, 39 lake trout, 242–920
mm TL, were collected in a sample of 891 fish from 50 gill net sets

Reference

(Rader 2005; Scholz 2005; Rader et al. 2005). Relative abundance
was 4.4% lake trout and CPUE was 0.8 lake trout per net set. Thus,
lake trout abundance in Bead Lake appeared to be relatively stable
between 1993 and 2004 as indicated by the similarities in relative
abundance and CPUE in each of these surveys. A creel survey was
conducted in Bead Lake on randomly-selected weekdays and randomly selected weekend days each month in 2004. Expansion of
numbers of anglers, effort and harvest to account for days when no
surveys were conducted yielded estimates of 3,049 anglers, 12,045
hours of angler effort and total harvest of 601 lake trout, ranging
from 400–900 mm TL, at Bead Lake in 2004 (Rader 2005; Rader
et al. 2005).
Similarly, a naturally reproducing population of lake trout appears to be established at Horseshoe Lake. The last time Horseshoe
Lake was planted was in 1986 but WDFW surveys conducted in
1994 (Mongillo and Hallock 1998) and 2004 (McLellan et al. 2005)
documented the presence of lake trout. In the most recent survey
two lake trout, 597–795 mm TL, were caught in a sample of 828 fish
collected by 2.0 hours of electrofishing, 8 horizontal gill net sets in
the littoral zone, 10 horizontal gill net sets in the limnetic zone and
14 vertical gill net sets in the limnetic zone (McLellan et al. 2005).
Both lake trout were caught in littoral zone gill nets which sampled
a total of 142 fish.
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In contrast, the absence of lake trout following stocking events
was documented in other lakes. For example at Chopaka Lake,
Okanogan County, where 29,000 lake trout fry were planted,
Edwards (1961) and Williams (1974) noted that no returns of lake
trout by anglers had been recorded.
At Deep Lake, Grant County, a total of 60,641 lake trout were
planted by WDFW between 1986 and 1992 (Foster et al. 1995).
Limited natural spawning apparently occurred because WDFW
caught a 2+ (17 inch) lake trout in a gill net set in Deep Lake in 1996
(Williams et al. 1997). However, few lake trout have been caught by
anglers in Deep Lake, so plants were suspended until the fishery
could be further evaluated (Williams et al. 1997). Lake trout do not
appear to have become established in Deep Lake and no recent
plants have been made.
At Clear Lake, Spokane County, a total of 75,407 lake trout were
stocked between 1983 to 1997. Clear lake is infested with goldfish.
Lake trout and brown trout were added in an attempt to biologically control goldfish populations. During the summer largemouth
bass occupy littoral zone and prey on goldfish; so the thought was
to stock piscivorous lake trout and brown trout to provide a predator in the limnetic zone in case goldfish sought refuge from largemouth bass predators in the open waters of the lake. The approach
has worked reasonably well in controlling goldfish populations,
which have declined by orders of magnitude from the early 1980s
to the present [i.e., from hundreds of thousands or millions in the
1980s (Krival 1983) to hundreds or thousands at the present time].
However, Clear Lake is a meso-eutrophic to eutrophic lake that
suffers from hypolimnetic oxygen depletion, so there is no suitable habitat (i.e., cold water with plenty of oxygen available) for
lake trout during the summer. Lake trout apparently persisted for
a time after stocking as evidenced by their (n = 2, 610–690 mm TL)
being collected during a WDFW warm water fish survey conducted
in 1998, the year after their last plant (Phillips and Divens 2000).
The larger size of the fish indicated that they were mostly likely
from the 1994 plant rather than the 1997 plant. However, lake trout
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have apparently not become established in Clear Lake because a
survey conducted by EWU in 2004, that was designed to duplicate
the WDFW survey (but with the addition of limnetic gill net sampling specifically to catch lake trout), did not capture any lake trout
(Moan and Scholz 2005).
In addition to the listed plants for eastern Washington, lake
trout were stocked at many locations in western Washington.
Also, the U.S. Bureau of Fisheries provided 200,000 lake trout
eggs to an applicant in Tonasket, Washington in 1917 and 300,000
to a Washington State Fish and Game Department hatchery in
Chewelah, Washington in 1918 (O’Malley 1919). I was unable to
trace the deposition of the eggs that were shipped to Tonasket. Of
those shipped to Chewelah, the majority were planted in 1918 and
some were retained as broodstock to provide eggs for future plants.
Besides these plant records, small numbers of lake trout are
present in the Pend Oreille River, Washington. From 1988 to 1990,
five lake trout were collected during electrofishing surveys at various locations throughout Box Canyon Reservoir (Ashe and Scholz
1992). In 2003, one lake trout, 700 mm TL was collected at Box
Canyon Reservoir in the tailrace below Albeni Falls Dam (Geist et
al. 2004) and in 2004 two more lake trout, 478–585 mm TL, were
collected there (Scholz et al. 2005). In 2000, two lake trout were
collected in Boundary Reservoir (McLellan 2001). In 2008, 8 lake
trout were collected among 3,464 total fish collected by electrofishing the tailrace of Albeni Falls Dam (Paluch et al. 2009). In
2009, 6 lake trout were collected among 2,581 total fish collected
by electrofishing the tailrace of Albeni Falls Dam (Paluch et al.
2010). In 2010, 2 lake trout were collected among 2,631 total fish
collected by electrofishing the tailrace of Albeni Falls Dam (Paluch
et al. 2011). In 2011, 1 lake trout was collected among 2,073 total fish
collected by electrofishing the tailrace of Albeni Falls Dam (Paluch
et al. 2012). As there are no records of stocking lake trout in either
the Box Canyon or Boundary reaches of the Pend Oreille River, I
assume these fish were washouts from the established populations
in either Lake Pend Oreille or Priest Lake, Idaho.
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CHAPTER 17
Family Salmonidae (Subfamily Thymallinae): Graylings

BIOGEOGRAPHY, SYSTEMATICS
AND EVOLUTION
The Subfamily Thymallinae contains four species, only one of
which occurs in North America. The arctic grayling Thymallus
arcticus, has a holarctic distribution in northern Manitoba,
Saskatchewan, Alberta, and British Columbia, throughout the
Northwest Territories, Yukon and Alaska. It also occurs throughout most of Siberia. Relict populations occurred in Montana and
Michigan. Montana populations have survived to the present but
Michigan populations suffered extinction in about 1936, owing to
human activities. Arctic grayling obtained from Montana were introduced into several high elevation lakes in Eastern Washington
but successfully established a naturally-reproducing, self-sustaining population at only one location.
Arctic grayling superficially resemble whitefish (Family
Salmonidae, Subfamily Coregoninae) because both taxa have relatively large scales in the lateral line row in comparison to Subfamily
Salmoninae, i.e., 54–97 in Coregoninae, 70–103 in Thymallinae,
and 105 (usually ≥120) –229 in Salmoninae. However, the Arctic
grayling is easily distinguished from whitefish species by its large
dorsal fin with ≥ 16 rays, terminal mouth and tooth bearing maxilla. Whitefish have small dorsal fins, inferior mouths and no teeth
on the maxilla.
Some aspects of the evolution of grayling were described
in the general discussion about evolution of salmonid fishes
(Chapter 14). The oldest fossil salmonid, †Eosalmo driftwoodensis,
from Eocene (50 MYBP) deposits in the Skeena River Basin (near
Smithers, British Columbia) and the Columbia River Basin (near
Princeton British Columbia and Republic, Washington) was described as a “grayling-like ancestor” of the Salmonidae that gave
rise to the Salmoninae and Thymallinae (Wilson 1977). There is
then a gap in the fossil record of graylings until the Pleistocene.

The earliest fossils attributable to arctic grayling Thymallus
arcticus were found in Pleistocene deposits dated at about 30,000
to 60,000 YBP at Old Crow, Yukon Territory (McAllister and
Harrington 1969, Crossman and Harrington 1970; Cumbaa et
al. 1981) and 22,000 YBP at January Cave, Alberta (Burns 1991).
However, grayling appear to have been present in North America
long before these dates. DNA analyses (mtDNA and msDNA) revealed
that two major lineages of grayling are present in North America
that survived Pleistocene ice advances in different glacial refugia
(Redenbach and Taylor 1999; Stamford and Taylor 2004). Both
mtDNA restriction fragment haplotype frequencies and distinctive nucleotide base sequences of msDNA indicated that southern
arctic grayling populations found in Montana are similar to each
other but distinctly different from northern populations found
in Alaska, northern British Columbia, and the Yukon. DNA of
the northern populations was similar to each other (Redenbach
and Taylor 1999). These data suggested that one lineage survived
Pleistocene glaciations in the Bering Refuge; the other survived in
the upper Missouri Refuge in southern Alberta or Montana. Fish
surviving in the Bering Refuge colonized Alaska, northern British
Columbia and Arctic Canada east to Hudson’s Bay. Grayling surviving in the upper Missouri Refuge colonized the upper Missouri
Basin in Montana and possibly spread east into the Great Lakes
(Behnke 2003).
Stamford and Taylor (2004) investigated Arctic graylings mitochondrial DNA and microsatellite DNA variation in populations from
32 localities throughout Alaska, the Yukon, northern British Columbia
and the Northwest Territories. Their results suggested that northern
populations of North American graylings can be subdivided into at
least 3 distinctive lineages that originated in 3 Pleistocene glacial refugia: South Beringia, North Beringia and Nahanni. Sequence analysis from a portion of the mitochondrial control region also indicated
“monophyly off all North American T. arcticus and their probable orgin
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from eastern Siberia T. arcticus at least 3 MYBP.” Arctic grayling from
Montana were genetically distinct from northern populations (Lynch
and Vyse 1979; Redenbach and Taylor 1999), which suggests that they
are descendants of a group of grayling that survived Pleistocene glaciation in a glacial refuge in the Great Plains along the upper Missouri
River.
Substitution of DNA bases occurs at particular rates, so molecular biologists can use the number of substitutions in the base sequence to obtain an estimate about the time of divergence of two
lineages. DNA sequence results indicated that the Montana grayling
had diverged from the northern populations about 370,000 years
ago (Redenbach and Taylor 1999), or about 300,000 years before
the oldest reported grayling fossils. This time interval coincided
with the Yarmouth Interglacial Period (approximately 600,000 to
300,000 YBP). Their DNA began to accumulate nucleotide base sequence substitutions that differentiated them from northern arctic
grayling populations. Thus, it appears that grayling were pushed
south from arctic regions by continental ice sheets during the early
Pleistocene. Continental ice sheets during the Nebraskan and/or
Kansan Ice Ages, respectively 1.1 million and 700,000 YBP, crept farther south than either of the later glacial advances (Illinoisian or
Wisconsin). The upper Missouri populations apparently became
reproductively isolated from northern grayling populations during
either the Nebraskan or Kansan Ice Ages, then continued to remain
isolated during the Illinoisian and Wisconsin Ice Ages. During the
later ice ages there is some suggestion that the southern population
became secondarily reproductively isolated from each other as indicated by the fact that some populations are identified by unique
haplotypes. Thus, these data suggest that Michigan’s native grayling
survived in a glacial refuge to the south of the Great Lakes, then colonized lakes Michigan, Superior and Huron when they became ice free.

NATURAL HISTORY
Age Growth and Reproduction
Maximum age in northern populations of Arctic grayling is 18
years (Behnke 2003), but few live more than 10–12 years (Scott and
Crossman 1973). Both males and females become sexually mature
at ages 4–6 (Bishop 1971). Maximum age of Arctic grayling indigenous to Montana was 10 years but few lived more than 4–6 years
(Brown 1971). Sexual maturity was usually reached in 2–3 years at
a total length of approximately 275 mm TL (Simpson and Wallace
1982; Liknes and Gould 1987; Barndt and Kaya 2000). In some populations of Arctic grayling, first spawning occurred at a minimum
total length of 176 mm TL (Stearns and Hendry 2004).
The largest Arctic grayling, caught by an angler in a tributary of
Great Bear Lake, Northwest Territories in 1967, measured 757 mm
(29.9 inches) TL, and weighed 2.7 kg (5.9 lb.) (McPhail and Lindsey
1971; Scott and Crossman 1973). The previous record, also caught in
the Great Bear Lake drainage, measured 530 mm (21.0 inches) and
weighed 2.5 kg (5.4 lb). A more typical maximum size in northern
populations was 500 mm (20.0 inches) and 1.8 kg (4.0 lb) (Behnke
2003).
The largest southern Arctic grayling caught in Montana, at
Handkerchief Lake, tributary to the South Fork Flathead River
near Glacier National Park, in 1994 measured 531 mm (20.9 inches)
and weighed 1.5 kg (3.2 lb.). The largest Arctic grayling caught in
Idaho at Nez Perce Lake, Lemhi County, measured 562 mm (22.13
inches) and weighed 1.1 kg (2.44 lb.). A more typical maximum size
1424

in southern Arctic grayling populations was 380 mm (15.0 inches)
and 0.45 kg (1.0 lb.) (Behnke 2003).
No data were available regarding growth of Arctic grayling in
Washington. The average back-calculated total length attained by 5
grayling populations in Montana was 129 mm (age 1), 241 mm (age
2), 297 mm (age 3), 331 (age 4), 351 mm (age 5), 379 mm (age 6), and
443 mm (age 7) (Barndt and Kaya 2000) (Table 17.1).
Barndt and Kaya (2000) provided average length and
weight for a sample of arctic grayling in Montana from one
location (Sunny Slope Canal) that were aged using scales
(Table 17.2). Marked fish that were captured during this study indicated that Arctic grayling grew faster in summer than winter. For
example, one fish that was caught four times grew from 315 to 335
mm between fall 1994 and spring 1995, from 335 mm to 384 mm
from spring 1995 to fall 1995, and from 384 to 390 mm between fall
1995 and spring 1996 (Barndt and Kaya 2000). Ten other fish had
similar patterns of growth.
Arctic grayling are iteroparous. The maximum number of times
one individual was reported to spawn was ten (Stearns and Hendry
2004). Arctic grayling spawn in spring at about the time of ice
breakup, which can range from April (in southern and lower elevation
segments of their range) to early June (in northern and higher elevation segments of their range). Adfluvial or fluvial populations migrate
from ice covered lakes or large rivers into tributaries. They spawn over
gravel and rocky substrate at the mouths of spawning tributaries. After
spawning the fish returned to forage in the lake or main river.
A naturally reproducing resident population that lived in a
Montana irrigation canal, overwintered in pools 1–3 meters deep,
and spawned in riffles above their pool during the second and
third weeks of May, at temperatures of 9.8–10.5°C (Barndt and
Kaya 2000). Average (range) depth and water current velocities
at spawning sites were respectively 24.1 (15.0–45.0) cm and 0.3
(0.17–0.43) m/s (Barndt and Kaya 2000). Substrate was composed
of gravel (2–10 mm) and cobble (10–50 mm).
Spawning behavior of Arctic grayling was described by Brown
(1938b), Nelson (1954), Bishop (1971), Peterman (1972), Morgan
(1996) and Barndt and Kaya (2000). Grayling are daytime spawners. Females do not dig redds. Instead, they broadcast spawn and
the eggs, which are demersal and slightly adhesive, sink into spaces
between the gravel and cobble. The parents make little effort to
cover up the eggs. During spawning the male’s dorsal fin curls over
the female’s body. Spawning tubercles appear on both sexes during
the breeding season (Kratt and Smith 1978). The tubercles are tiny
and confined to the sides of the body between the posterior base of
the dorsal fin and caudal peduncle. Spawning tubercles are thought
to function as an anti-skid device that helps to maintain contact
between the sexes during mating.
Arctic grayling have smaller eggs (1.0–3.0mm in diameter) but
greater fecundity (about 8,500–15,500 eggs/kg body weight) than
most salmonids, which contain eggs 2.9–8.4 mm in diameter but
with typical fecundity of only about 1,300–3,000 eggs/kg body
weight (Behnke 2003; Stearns and Hendry 2004). In Great Slave
Lake, Northwest Territory, fecundity ranged from 6,120 to 15,905 for
arctic grayling that measured 254–432 mm FL and weighed 0.7–1.7 kg
(Scott and Crossman 1973). In Montana, a 0.45 kg female contained
3,000 eggs and a 0.9 kg female contained 12,000 eggs (Brown 1971).
Watling and Brown (1955) described the embryonic development of
arctic grayling. Eggs develop rapidly for a salmonid and hatch in about
13–18 days at temperatures of 7–11°C. They absorb their yolk sac (about
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Table 17.1

Growth of Arctic grayling at locations in Montana (MT), Yellowstone National Park (YNP) at Northwest Territories (NWT)
and Michigan (MI). Montana grayling were transported to Ford Lake, Michigan.
Waterbody
Agnes Lake, MT¹
Big Hole River, MT²
Grebe Lake, MT (YNP)¹
Red Rock Creek, MT³
Sunnyslope Canal, MT⁴
Ford Lake, MI¹
Great Bear Lake, NWT⁵

n
10
431
31
–
183
169
–

Backcalculated total length (mm) at formation of annulus
1

2

3

4

5

6

7

114
118
100
155
158
76
93

194
222
205
282
302
185
155

253
275
255
343
361
258
231

271
309
297
373
404
284
285

279
379
301
396
432

307
406
423

430

325

353

378

8

9

10

399

410

475

References: ¹ Brown (1943), ² Liknes and Gould (1987), ³ Wydoski and Whitney (2003), ⁴ Barndt and Kaya (2000), ⁵ Miller (1946b).

21–25 days post-fertilization), then swim up into the water column and
begin feeding in about 3–8 days after hatching. Newly hatched fry are
about 8 mm TL. For comparison, most spring spawning rainbow and
cutthroat trout require about 30 days to hatch at 7–11°C and do not
absorb their yolk sac, swim up in the water column and start feeding
until about 30 days after hatching (60 days post-fertilization). Newly
hatched fry are about 20 mm TL. Behnke (2003) proposed that their
rapid rate of development enables grayling to successfully reproduce in
ephemeral tributaries that flow for 5–6 weeks during snow-melt runoff.

Table 17.2

Food Habits
No information is available regarding food habits of Arctic grayling in
Washington. Food habits were determined for stream and lake dwelling populations in Montana (Brown 1938), Great Bear Lake, NWT
(Miller 1946), northern Saskatchewan (Rawson 1950) and Alaska
(Schmidt and O'Brien 1982). Collectively these studies indicated that
grayling fed mainly on surface prey, especially during the summer,
when they ate ovapositing adult midges, (Chironomidae), mosquitoes, (Culicidae), black flies (Simulidae), horseflies (Tabanidae) and
craneflies (Tipulidae) that were alighting on the surface to lay their
eggs. They also ate the pupae of these insects that were emerging at the
surface. Like most salmonids, grayling appeared to be opportunistic
predators. Stream dwellers consumed aquatic insect larvae, crustaceans (amphipods) and mollusks (snails) off the bottom at times when
the supply of surface prey was low. Lake dwellers consumed crustacean zooplankton (Cladocera and copepods) in the water column at
times when the supply of surface prey was low. At some locations, cladoceran zooplankton formed the dominant portion of the diet.
Graylings are voracious predators that usually travel in schools.
Grayling strike repeatedly at surface prey. An individual may rise as
frequently as 50 times in 15 minutes (Brown 1938). Three or four individuals in a school may simultaneously attempt to strike an insect
or dry fly on the surface. In most fish food habits studies it is not unusual to find 10–60% of the fish in the sample with empty stomachs.
In the case of grayling, almost every individual contained food. For
example, Brown (1938) reported that, of 125 grayling from three lakes
and one river in Montana, every single one had food in its stomach.
In Meadow Creek, Montana, Brown (1938) determined that
arctic grayling (n = 40), 190–335 mm SL, fed mainly on water fleas
(cladocerans), chironomids, mayflies (Ephemeroptera) and damsel
flies (Odonata: Zygoptera). Mean numbers found in an individual
stomach were 98, 9, 6 and 6 per stomach respectively. Chironomids,
mayflies and damsel flies were predominately adults and nymphs.
Other prey included: amphipods (freshwater shrimp), isopods

Sample size (n), mean TL (mm) from Montana
that were aged using scales. (Data from Barndt and
Kaya 2000).
Age

n

TL

WT

1
2
3
4
5
6
7

52
59
32
18
17
3
2

160
301
362
403
433
437
445

33
252
401
564
750
758
885

(sow bugs), Coleoptera (beetles), Diptera (flies), Hemiptera (bugs),
Homoptera (leaf hoppers), Hymenoptera (bees), Orthoptera (grass
hoppers), Plecoptera (stoneflies), Trichoptera (caddisflies) and fish
(brown trout Salmo trutta). The average number of each of these
organisms ranged from <1–2 per stomach.
In Rogers Lake, Montana, the average number of Cladocera
and chironomids in the stomachs of 51 arctic grayling, 22–338 mm
SL, was 158 and 293, respectively (Brown 1938). Water mites, copepods, amphipods, beetles, other dipterans, bugs, bees, damsel flies,
thrips (Thysanoptera), caddisflies and snails (Gastropoda) averaged <1–2 individuals of each taxa per grayling stomach. Fish eggs
and traces of filamentous algae were also found.
At Grebe, and Agnes lakes, Montana, arctic grayling (n = 14 and
6 respectively, 150–338 mm SL), ignored abundant zooplankton
(Daphnia, copepods, rotifers) and consumed mainly midge (larvae, pupae, and adults) and mayflies (nymphs and adults) (Brown
1938). The average numbers of per stomach were 50 chironomids
and 2 mayflies. Amphipods, isopods, beetles, leaf hoppers, damsel
flies (nymphs and adults), caddisflies, and fish eggs were also consumed. Stomachs of two adult grayling (265 mm SL) in Grebe Lake
contained 137 grayling eggs.
In northern Saskatchewan and the Northwest Territories, juvenile arctic grayling consumed crustacean zooplankton and gradually shifted to aquatic insects as they increased in size (Miller 1946;
Rawson 1950). Beetles, chironomids, mayflies, ants, bees, wasps,
grasshoppers, damsel flies, and caddisflies were routinely found.
Small numbers of fish (grayling and whitefish), fish eggs, and lemmings were also present in the diets of these fish. In a lake on the
north slope of the Brooks Range, Alaska, stomach contents of
arctic grayling contained almost entirely crustacean zooplankton
(Schmidt and O'Brien 1982).
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Behavior and Ecology
Arctic grayling prefer clear, cold unpolluted waters. They avoid turbid waters but enter streams fed by melting glacier runoff that are
milky colored (Scott and Crossman 1973). Arctic grayling cannot
tolerate water with salinity of more than 7–8 ppt. and are rarely encountered in sea water or brackish water. In deep lakes, Arctic grayling occupy shallow depths. For example, at Great Slave Lake, where
maximum depth is 616 meters (2,027 ft), grayling were taken in gill
nets set only at depths of 3 meters (10 ft) or less (Scott and Crossman
1973). Their depth distribution reflects the grayling’s preference for
surface feeding. (See section on food habits for details).
In shallow lakes that are not thermally stratified, grayling can
tolerate temperatures as high as 23–24°C (74–76°F). In laboratory
tanks grayling will tolerate temperatures of 24°C, but usually become
stressed at temperatures above 16–18°C (61–64°F) (McClure and Gold
1991; Lohr et al. 1996). Grayling are the most tolerant of low dissolved
oxygen conditions among all the salmonids. They can survive in shallow lakes that suffer oxygen depletion during winter months when
ice cover prevents atmospheric oxygen from entering the lake across
the air-water interface; and when snow cover blocks sunlight from
penetrating into the lake and stimulating photosynthesis, which produces oxygen as a byproduct. Under these conditions, respiration by
organisms in the lake gradually depletes oxygen (from about 12 mg/L
to ≤ 1 mg/L) over the course of the winter. Grayling can survive when
dissolved oxygen (DO) concentrations fall to about 1.0 mg/L whereas
most salmonids cannot survive when DO drops below 3–4 mg/L. Low
temperature (<4° C) reduces metabolic rate and, hence, the rate of
oxygen consumption; but this is true for all salmonids, so it does not
explain why grayling are more tolerant.
Hubert et al. (1985) and Liknes and Gold (1987) published habitat preference curves and habitat suitability indices for temperature, depth, current velocity, substrate and cover for Arctic grayling. They used these data for assessing minimum stream flows
required by arctic grayling. In the Big Hole River, Montana, microhabitat (x̄ ±SD) utilized by arctic grayling, 225 mm TL, included:
spring/summer temperature (13.7 ±4.7°C), depth (28.4 ±22.6 cm,
usually found in heads of pools ≤2 m deep), current velocity (0.21
±0.15 meters/sec.), substrate (gravel to cobble bottom) and proximity (within 7.0 cm) to cover (Liknes and Gould 1987).
Little is known about migration and homing of arctic grayling.
Spawning migrations up to 184 km (115 miles) have been reported
in Alaskan rivers (Hughes 1998). Mark-recapture studies conducted
on the Mackenzie River revealed that Arctic Grayling traveled long
distances between spawning areas and summer feeding areas, and
that they exhibited strong fidelity (repeat homing) to a previously
used spawning tributary (Jessop and Lilley 1975). There is evidence
from numerous tagging studies that Arctic grayling exhibit an annual
‘round’ traveling between a summer feeding area, over wintering area,
and home spawning tributary (Jessop and Lilley 1975; Tack 1980; Hop
1985; Armstrong 1986; reviewed by Northcote 1993). Both reproductive homing and occasional straying were observed in these studies.
In many instances individual fish repeatedly returned to foraging,
wintering, and spawning sites, although some wandered extensively
and intermingled with grayling from a different home stream. It is
unknown if grayling return to natal spawning tributaries but Døving
(1980) thought that population specific pheromones may act as guidance mechanism for reproductive homing to natal sites. Movements
in Montana streams, described by Nelson (1954); Kaya (1990, 1992);

1426

Deleray (1991) and Deleray and Kaya (1992), indicated that Montana
grayling were relatively sedentary.
Genetic stock structuring was evident in Arctic grayling populations in Alaska (Hop 1985; Hop and Gharrett 1989) and Montana
(Everett and Allendorf 1985). Populations in different lake and river systems 300 km apart in Alaska were distinctive based on electrophoretic
mobility of 150 allozymes and meristic characters. Populations within
each river systems more closely resembled each other but each tributary population still exhibited its own distinctive frequency of alleles.
Hop and Gharrett (1989) concluded that about 97.5% of each tributary
population was native to that tributary and inferred that these genetic
difference were the result of homing to a natal spawning tributary.
Grayling spawning in inlet and outlet tributaries of a lake in
Montana had to migrate in opposite directions (upstream for outlet spawners; downstream for inlet spawners) to reach foraging
grounds in the lake. This behavior is thought to be the result of a genetic program subjected to and fixed by natural selection pressure.
Kaya (1989, 1991) removed fry from the two tributaries and tested
their innate responses to currents in a laboratory tank, outside of the
influence of other environmental factors. Fry from the outlet tributary were documented to have an innate response of positive rheotaxis (swimming upstream against a current) whereas those from
the inlet had an innate response of negative rheotaxis (swimming
downstream with the current). These data were consistent with the
suggestion that genetic differences were present in these two populations that were maintained by precise natal homing.
Grayling found in small to medium-sized rivers live in dominance hierarchies (Wydoski and Whitney 2003). Large, dominant
individuals aggressively defended territory in deep pools. Small
subordinate individuals occupied the edges of the channel. In large
rivers and lakes, grayling form schools in open water, or may concentrate off the mouths of tributaries.
In Montana, arctic grayling historically occurred in the same drainages as cutthroat trout. Indigenous grayling and cutthroat trout populations became depressed when non-indigenous brown, rainbow and
brook trout were introduced into these drainages commencing in the
late 1800s. Brown (1938) observed that the stomach contents of grayling
and brown trout collected on the same date from the same reach of
a Montana stream were almost equivalent to each other. In both species, the food organisms found in the stomachs were in proportion to
the relative abundance of these organisms in the environment. Brown
concluded that grayling and brown trout were natural competitors and
that “the introduction of non-endemic trout into grayling waters certainly
has contributed to the decrease of the grayling.” Byroth and Magee (1988)
reported similar competitive interactions between native grayling and
introduced brook trout in the Big Hole River, Montana.
Owing to their shallow depth distribution, arctic grayling are
probably consumed by fish-eating birds such as bald eagle and
osprey. Grayling do not appear in the diets of many fish predators. For example, no young-of-the-year grayling were found in the
diet of 185 juvenile northern pike that were found in association
with grayling stranded in residual pools of an irrigation canal in
Montana (Barndt and Kaya 2000). Since northern pike relish fish
prey with fusiform bodies and soft-rayed fins, I wonder if northern pike find grayling unpalatable or, perhaps, are deterred by the
grayling’s large dorsal fin or scent, which is said to smell like thyme.
Northcote (1993) presented an excellent review of the life history of the Arctic grayling. Armstrong et al (1986) published an
indexed bibliography on the genus Thymallus.
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KEY TO THE FAMILY SALMONIDAE (SUB FAMILY THYMALLINAE)
Generalized, Sub- Family Characters
Confirm these characters before keying to species.

3.

Large scales <110 in lateral line row.

1.

Adipose fin present.

4.

Long sail-like dorsal fin with ≥16 rays.

2.

Axillary process presnt.

5.

Teeth present in maxillary bone.

Figure 17.1

Arctic grayling from Montana circa 1904. US-PD.

Dichotomus Key to the Thymallinae of Eastern Washington

SPECIES

COUPLET

1
A.	In eastern Washington, the family is represented by a single
species, the Arctic grayling (Thymallus arcticus). The sub family
characteristics also serve to identify this species.

A. T. Scholz

ARCTIC GRAYLING Thymallus arcticus, PAGE 1428
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ARCTIC GRAYLING
Thymallus arcticus (Pallas, 1776)
Primary Identification

Confirming Characters

1.

Adipose fin present. Axillary process present at front
end of pelvic fins.

1.

Large scales (70–103 in lateral row).

2.

Long sail-like dorsal fin (16–25 rays, dorsal margin ≥1.5
times insertion).

2.

3.

Mouth terminal, with intermediate-sized gape. Short
maxillary bones with weekly developed teeth.

4.

Caudal fin deeply forked.

Specimens from small streams and rivers often strikingly colored with olive green head and lavender to
iridescent blue flanks. Dorsal fin, dusky or dark-colored
with linear rows of pink or lavender spots between rays,
and an orange or red dorsal border. About 8–15 black
spots confined to front half of body behind operculum.
Spots do not extend behind the insertion of the pelvic
fins. Pelvic fins sometimes with pink or blue stripes.
Specimens in lakes silver due to guanine deposition over
scales. Flesh has bluish-green hue.

Figure 17.2

Arctic grayling, Bozeman National Fish Hatchery, MT.
arcticus (G.) Arctic = Northern or arctic. -ticus = belonging to.
Belonging to the arctic.

Similar Species
1.

2.

Lake, pygmy, and mountain whitefishes all have relatively big scales (54–90 in lateral line row), but they all
have short dorsal fins (≤15 rays). Mouth slightly subterminal with small-sized gape. Short maxillary bone
without teeth.

Pronunciation

Salmon, trout and charr have small scales (105–230
in lateral line row), and short dorsal fins (≤15 rays),
mouths terminal with large gape. Long maxillary bone
with strongly developed teeth.

Common Name(s)

Etymology
Thymallus (G.) fish that smells like thyme, an herb with a fragrant
aroma. In Europe, fresh caught grayling are supposed to smell like
the sweet odor of wild thyme, but I could not detect it in Arctic
grayling from either Montana or McKenzie River, Northwest
Territories. Perhaps the name was derived from another of the four
species of grayling found in Europe and Eurasia.
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Thymallus

Thy-măl-ŭs (thigh-măl-ŭs)

arcticus		

ărc-tĭc-ŭs (ărk-tĭck-ŭs)

Arctic grayling (AFS name), Montana grayling, Michigan grayling,
Alaska grayling, grayling, bluefish, poisson bleu [French Canadian
Voyageur name = Fr. Poisson (fish) and bleu (blue)], American grayling (Nelson 1954: 324), tittimeg (= native Athabascan name) Notes:
The term blue fish may refer either to the fact that the sides of the fish
may have blue hue or that the flesh may be tinged blue or turquoise.
The flesh color intensified in specimens caught in the McKenzie river
near the outlet of Great Slave Lake after they were brought back to
Cheney, Washington and frozen at -4°C for several weeks. Mountain
whitefish (Prosopium williamsoni) were often misidentified as “grayling” by settlers in southwestern Alberta (Whitehouse 1919: 51–53).
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Systematic Notes
The arctic grayling was first described from specimens collected in
the Ob River Siberia as Salmo arcticus by Pallus (1776: 35). Linek
(1790: 35) introduced the genus Thymallus to distinguish grayling
from other salmonids based on differences in dentition. Arctic
grayling collected near Yellowknife, Northwest Territory, were
initially named Coregonus signifer by Richardson (1823: 711), who
later changed the name to Salmo (Thymallus) signifer (Richardson
1836: 190). Richardson changed the name because George Cuvier
(1829: 306) had brought Linek’s name to the attention of fish taxonomists. Cuvier noted that, in addition to differences in the
teeth, the sail-like dorsal fin separated the graylings from other
salmonids. Richardson apparently believed that a more appropriate classification was to reduce the generic name Thymallus to a
subgenus of Salmo. Günther (1866: 202) re-elevated Thymallus to
generic status. He called North America grayling Thymallus signifer Richardson and the Siberian grayling Thymallus arcticus Pallus.
Isolated pockets of grayling were then discovered in tributaries of lakes Huron, Michigan and Superior, in northern Michigan
(Cope 1865) and in the mainstem and tributaries of the Missouri
River above Great Falls, Montana (Milner 1874). In each locality the graylings were accorded species status: Thymallus tricolor
(Cope 1865: 60) for the Michigan grayling and Thymallus montanus (Milner 1874: 741) for the Montana specimens. Whitehouse
(1919:52) thought the two species were related and placed the
Montana grayling as a subspecies of the Michigan grayling, calling it Thymallus tricolor montanus Milner. Whitehouse gave priority to the Michigan form for the specific epithet because it had
been described nine years before the Montana form. Jordan and
Gilbert (1883: 303) had previously decided that all three described
graylings were the same species and reduced the specific epithets
to variants of Thymallus signifer i.e., T. signifer. var. signifier for
populations distributed in the far north, T. signifer var. tricolor for
Michigan populations and T. signifier var. montanus for Montana
populations. Evermann (1893: 47) in his fishery survey of Montana
and Wyoming decided to drop the subspecies name and simply
called specimens collected from tributaries of the Missouri River,
Montana Thymallus signifier.
The period between 1896 and 1955 was a time of confusing taxonomy because many taxonomists, especially those in the Midwest
and Montana, retained the trivial names as originally described
(see synonymy below). Initially, Jordan retained the classification
he had proposed in 1883 of treating three geographic variants as varieties of Thymallus signifer (Jordan and Evermann 1896–1900: 517),
but then he reversed his opinion and recognized the three geographic variants as distinct species (Jordan, Evermann and Clark
1930: 66). Eventually, Walters (1955: 290) concluded that Thymallus
signifier was a junior synonym of Thymallus arcticus (Pallas) and
placed them in synonymy. Walters also recognized three subspecies of arctic grayling in North America: Thymallus arcticus signifier (northern populations), Thymallus arcticus tricolor (Michigan
populations) and Thymallus arcticus montanus (Montana populations). Bailey et al. (1960: 18) and McPhail and Lindsey (1971: 126)
chose not to recognize subspecies and this practice was followed
in all subsequent editions of the AFS North American fish names
book (Bailey et al. 1970:19; Robins et al. 1980: 19, 1991: 28; Nelson et
al. 2004: 86) and regional fish taxonomy books (Baxter and Simon
1970; Brown 1971; Scott and Crossman 1973, 1998; Wydoski and
Whitney 1979, 2003; Simpson and Wallace 1982; Nelson and Paetz

1972; Holton and Johnson 1996; Baxter and Stone 1995; Scholz and
McLellan 2009, 2010).
Valenciennes (1848: 52) described two specimens of arctic grayling in the Paris Museum of Natural History, said to have been deposited there from Lake Ontario, as Thymallus ontarioensis. Later,
these specimens were regarded as mislabeled European grayling
(Jordan and Evermann 1896–1990: 518, 2870; Bertin 1940: 306).
Much of the taxonomic history of grayling was summarized
by Norden (1961), McPhail and Lindsey (1971) and Scott and
Crossman (1973). The taxonomic position of the grayling has
received considerable attention. Both Arctic grayling and lake
whitefish were first described in the genus Salmo and placed in the
Family Salmonidae. As described previously, the grayling was subsequently put in its own genus (Thymallus) and whitefish put in its
own genus (Coregous). Later, Cope (1872: 333) erected the Family
Coregonidae in which he placed both genera (Coregonus and
Thymallus). The principle characters Cope used to differentiate the
Coregonidae from Salmonidae were the size of the mouth (small
in the Coregonidae; large in the Salmonidae) and articulation of
the parietal bones of the skull (make contact in the Coregonidae,
separated by supraoccipital bone in Salmonidae). Gill (1878: 1,651
and 1895: 120) relegated the whitefish to a Subfamily (Coregoninae)
within the Salmonidae, which also contained the Subfamily
Salmoninae (salmon, trout and charr). The Coregoninae were differentiated by the point at which the lower jaw articulated with the
quadrate bone (in front of the eye in short-jawed Coregoninae; in
back of the eye in long-jawed Salmoninae). Gill also erected the
family Thymallidae for the graylings (see Gill 1885: 619, 1892; 23;
and 1895: 683). Graylings had relatively long dorsal fins (≥17 rays)
whereas the Salmonidae, including both the Salmoninae (salmon,
trout and charr) and Coregoninae (whitefish), had relatively short
dorsal fins with ≤ 16 rays. Jordan and Gilbert (1883) and Jordan and
Evermann (1896) adopted Gill’s classification.
Regan (1914), in his systematic revision of the Family
Salmonidae, classified the Salmonidae into two subfamilies:
Salmoninae (with long jaws, large teeth, parietal bones separated
by supra occipital bone, and small scales) and Coregoninae (with
short jaws, weakly developed teeth, parietal bones articulating
with each other instead of with supraoccipital bone, and large
scales). Regan placed the genus Thymallus in the Coregoninae.
Terchnavin (1923, 1937) and Berg (1940, 1955) restored family status to Thymallidae based on the absence of an orbitosphenoid
bone and other distinguishing characters. Norden (1961: 681),
based on comparative osteology of the vertebrae, skull and jaws,
classified the salmon, trout, charr, whitefish and grayling into
one family (Salmonidae) with three subfamilies: 1) Salmonine
containing five genera (Salmo, Oncorhynchus, Salvelinus, Hucho,
and Brachmystax); 2) Coregoninae, containing three genera
(Coregonus, Prosopium, and Stenodus), and 3) Thymallinae, containing one genus (Thymallus). All three subfamilies were placed
in the Salmonidae because their last three caudal vertebrae were
upturned (Norden 1961). Subfamilies were separated by “three
fundamental osteological characters that were present in one subfamily and absent in the other two (Norden 1961):” Separation of
the parietals by the supraoccipital bone in the skull vault of the
Salmoninae; 2) Absence of teeth on the maxillary bone distinguished the Coregoninae, and 3) Lack of an orbitosphenoid bone
distinguished the Thymallinae. Norden’s classification scheme has
been universally adopted by most salmonid taxonomists.

A. T. Scholz
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Scientific Synonyms
Salmo arcticus original description.

Pallus (1776: 35). Location: Ob River, Siberia.

Thymallus arcticus (Pallus)

Ward (1955: 29) Bailey et al. (1960: 62; 1970: 17); Sigler and Miller
(1963: 60); Carl et al. (1967: 50); Everhart and Seaman (1971: 24)
~introduced in Colorado, maintained by hatchery broodstock
and plants, no permanent self sustaining populations to date.
McPhail and Lindsey (1970: 125) ~Alaska and Arctic drainages
of Canada west of Hudson Bay; Minckley (1973: 76); Scott and
Crossman (1973: 300; 1998: 300); Morrow (1974: 53; 1980: 145);
Moyle (1976: 111) Wydoski and Whitney (1979: 30; 2003: 103);
Lee et al. (1980: 120) Robbins et al. (1980: 19); Simpson and
Wallace (1982: 20); Baxter and Stone (1995: 200).

Thymallus arcticus (Pallus, 1776)

Hubbs et al. (1979: 7); Robbins et al. (1991: 28); Nelson et al.
(2004: 86); Mecklenburg et al. (2002: 191); Scholz and McLellan
(2009: 205; 2010: 457).

Thymallus arcticus

Behnke (1965: 246); Brown (1971: 64); McGinnis (1984: 138);
Page and Burr (1991: 47); Holton and Johnson (1996: 68);
Behnke (2002: 327).

Thymallus arcticus signifier (Richardson)
Ward (1955: 290).

(1877: 349); Evermann and Goldsborough (1907: 104); Fowler
(1923: 280); Dymond (1936: 66); Beckman (1953: 26) ~introduced to Colorado; Symington (1959: 5) ~native to northern
watersheds of Saskatchewan.

Thymallus signifier

Goode (1888: 485); Dufresne (1946: 210).

Thymallus signifier var. signifier (Richardson)

Jordan and Gilbert (1883: 303); Jordan and Evermann
(1896–1900: 517).

Thymallus signifier var. montanus Milner

Jordan and Gilbert (1883: 303); Jordan and Evermann (1896–
1900: 519). Location: Montana.

Thymallus signifier tricolor Cope

Simon (1939: 26–27 and 1951: 48–50) ~native to Yellowstone
National Park, introduced to the Big Horn River drainage, WY.
Hubbs and Lagler (1947 and 1958: 56).

Thymallus tricolor sp. nov.
Cope (1865: 80). Location: Great Lakes tributaries in
Northern MI.
Thymallus tricolor Cope

Günther (1866: 201); Cope (1872: 469); Jordan (1880: 274);
Goode(1888: 486); Fowler (1911: 555); Hubbs (1926: 14).

Thymallus signifier var. tricolor Cope

Jordan and Gilbert (1883: 303); Jordan and Evermann (1896–
1990: 518). Location: Michigan.

Thymallus tricolor (Cope)
Ward (1955: 290).

Thymallus arcticus montanus (Milner)

Thymallus tricolor montanus Milner

Coregonus signifier sp. nov.
Richardson (1823: 711). Location: near Yellowknife, NWT.

Thymallus ontarioensis sp. nov. Location: Lake Ontario

Whitehouse (1919: 52).

Ward (1955: 290).

Salmo (Thymallus) signifier (Richardson)
Richardson (1836: 190).

Thymallus montanus sp. nov.
Milner (1874: 741). Location: Missouri River Basin above
Great Falls, MT
Thymallus montanus Milner

Hallock (1877: 350) ~headwaters of Missouri River, MT;
Henshall (1906: 4) ~native in Missouri River Basin above
Great Falls, MT, introduced to Columbia River Basin; Simon
and Simon (1939: 49); Fromm (1940: 4) ~Madison and Gallatin
Rivers in Yellowstone National Park; Schultz (1942: 26) ~native
to Glacier National Park east of Continental Divide, introduced
to drainages west of the Divide.

Thymallus montanus

Goode (1888: 486); Locke (1929: 180); Smith and Kendall
(1921: 16);Keil (1928: 120)

Thymallus signifier (Richardson)

Günther (1866: 202). Jordan and Gilbert (1883: 303); Evermann
1893: 47 ~specimens collected in Red Rock, Beaver, Gibbon/
Firehole and Gallatin rivers; all tributaries of Upper Missouri
River, MT; Jordan and Evermann (1896–1900: 517); Hallock
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Valenciennes (1848: 452) ~listed by some authors as Cuvier and
Valenciennes (1848: 452).

Distribution and Stock Status
In North America, native populations of arctic grayling were widely
distributed in Arctic drainages from the western side of Hudson
Bay to Alaska. They are particularly abundant in the McKenzie and
Yukon River drainages (McPhail and Lindsay 1970; Lee et al. 1980;
Mecklenburg et al. 2002). In Alaska, Arctic grayling occurred in all
drainages of the Arctic Ocean, Bering Sea and Pacific Ocean except
for those entering the Pacific in the panhandle region (McPhail
and Lindsay 1970; Mecklenburg et al. 2002). Disjunct indigenous
populations also occurred in Michigan and Montana.
Continental glaciation explains these occurrences of Arctic
grayling far outside of their normal range (McPhail and Lindsey
1970; Behnke 2003). Behnke (2003) speculated that grayling occupied the Hudson Bay region prior to the onset of glaciation.
They were pushed south by the advance of the Laurentian Ice
Sheet and gained access (by headwater transfer) into the Upper
Missouri River Basin, thus accounting for the Montana grayling.
Behnke (2003) further thought that a paleodrainage connection
may have formed between the upper Missouri River and Glacial
Lake Agassiz, the precursor of the Great Lakes (or, perhaps, the
newly formed Great Lakes themselves), which could account for
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the Michigan grayling. Both the Montana variety and Michigan
variety of Arctic grayling persisted respectively in both the upper
Missouri and Great Lakes Basin until recent times, but only in
watersheds characterized by cold water, pristine habitat, and few
competitor species of salmonids.
In Alberta, Arctic grayling were native to the Athabasca and
Peace River drainages (Paetz and Nelson 1970; Nelson and Paetz
1992). Nonindigenous arctic grayling were stocked in two lakes on
tributaries of the Belly River. The Belly River is a tributary of the
Oldman River (South Saskatchewan River Drainage), southwestern Alberta.
Arctic grayling were native to northern British Columbia in
the Peace (McKenzie River Basin) and Stikine rivers (Carl et al.
1967; Scott and Crossman 1973).The Stikine River enters the Pacific
Ocean near the border between Alaska and British Columbia at
the southern end of the Alaskan Panhandle. It is the only river
along the Pacific Coast south of Icy Strait/Glacier Bay (northwest of Juneau, Alaska) to harbor a native grayling population. It
is thought that Arctic grayling gained access into the Stikine via
headwater transfer from the McKenzie Basin during the Wisconsin
Ice Age (McPhail and Lindsey 1970; Behnke 2003). Nonindigenous
grayling have been reported in southeastern British Columbia
(Flathead Sub-basin, Columbia River Basin) (Carl et al. 1967;
Nelson 1970; McPhail and Lindsey 1970; Scott and Crossman 1973).
Arctic grayling spread into southeastern British Columbia via the
upper Flathead River after being introduced into Lake McDonald
in Glacier National Park, Montana (Schultz 1941; Carl et al. 1967).
In Montana, Arctic grayling were indigenous east of the
Continental Divide in the Missouri River Basin above Great Falls
but were absent west of the Continental Divide in the Columbia
River Basin (Cope 1872; Jordan 1878, 1891; Evermann 1893;
Henshall 1894, 1906; Gilbert and Evermann 1895; Evermann and
Cox 1896; Schultz 1941; Nelson 1954; Brown 1971; Liknes and Gould
1987; Holton and Johnson 1996). Early fisheries surveys conducted
in tributaries of the Columbia River Basin (Bitterroot, Clark Fork,
Flathead, and Kootenai rivers; Rock Creek) in northwestern
Montana did not detect the presence of grayling (see above references). The majority of native grayling populations in Montana
were stream dwelling with a resident or fluvial life history (Holton
and Johnson 1996). Brown (1971) reported that indigenous grayling
were gradually disappearing in tributaries of the upper Missouri
River but that small remnant populations still remained in the Big
Hole, Madison, Red Rock and Sun rivers. Kaya (1992) reported
that the grayling had disappeared over 95% of its historic range in
Montana. Holton and Johnson (1996), based on the work of Liknes
and Gould (1987), reported that the range of indigenous Arctic
grayling had been further reduced “until the only entirely fluvial
(stream population) [left] in Montana [was] in the Big Hole River
Drainage.” Grayling occur in the Big Hole mainstem and 11 tributaries (Liknes and Gould 1987). Hatchery production preserved
some of the genetic diversity of Montana grayling although most
hatchery output has been stocked in lakes. Many of these lakes are
in drainages (e.g., in Columbia River) that did not contain native
grayling. According to Holton and Johnson (1996) about 30 lakes
in western Montana have fishable populations of Arctic grayling.
Commencing in the 1890s the United States Fish Commission
obtained grayling eggs from tributaries of the Upper Missouri
River (Yellowstone, Jefferson, Gallatin, Madison rivers) surrounding Yellowstone National Park and reared them at a federal hatch-

ery in Bozeman, Montana (Henshall 1907). Later, the U.S. Bureau
of Fisheries established a grayling hatchery at Grebe Lake in
Yellowstone Park that was operated from 1933 to 1954 (Kruse 1959).
Eggs and fry were distributed to locations in the Columbia
River Drainage (Varley 1981; Varley and Schullery 1998). Fish were
generally planted into small headwater lakes that had no or few
native fishes in them. Numerous plants were made in small lakes
west of the Continental Divide in the Flathead drainage of Glacier
National Park. (Grayling were apparently indigenous in the Sun
River Drainage east of the Divide in Glacier Park). In addition to
federal collections at Grebe Lake, MDFWP annually collected grayling eggs from some of the lakes where grayling were introduced
such as Rogers Lake.
Millions of Montana grayling eggs and fry were shipped
to 23 states outside of their native range, including Idaho and
Washington (Fuller et al. 1999). This amounted to “mining” of
grayling from their native rivers, which possibly contributed to
their gradual disappearance in some of them. However, habitat
degradation (caused by mining, logging and livestock grazing) and
widespread introduction of nonindigenous salmonids (brown,
rainbow and brook trout) were the primary factors associated with
the declines in abundance of grayling in Montana (Brown 1938,
1943; Vincent 1962; Kaya 1992, Behnke 2003). Particularly debilitating was the construction of irrigation diversions that dewatered segments of grayling streams (Kaya 1992). At Rogers Lake,
Montana, introduced grayling disappeared “because of low water
and higher temperatures resulting from the complete removal of the
forest cover in the drainage area of the lake” (Brown 1943). Rogers
Lake did not hold nonindigenous species at the time the grayling
disappeared. Kaya (1990, 1992) has described the decline and current stock status of grayling in Montana.
In Wyoming, arctic grayling were indigenous to headwater
tributaries – Firehole, Gibbon, Madison, and Yellowstone riversof the Missouri River in Yellowstone National Park (Cope 1872;
Jordan 1891; Evermann 1892). Grayling obtained from the Grebe
Lake hatchery in Yellowstone Park were introduced into high altitude lakes (e.g., Willow Lake) in the Big Horn Mountains (Simon
1939, 1951; Baxter and Simon 1970; Baxter and Stone 1996).
Arctic grayling were not indigenous to Idaho. See early reports by Evermann (1893, 1896); Eigenmann (1895); Gilbert and
Evermann (1895); and Evermann and Meek (1897). Keil (1928)
noted that there were “no records of its presence in Idaho waters
previous to their being planted.” Grayling were first introduced to
Idaho in about 1900 (Ravenel 1901, 1902; Linder 1963). A federal
planting record (Leach 1926) noted that 4,877,029 grayling eggs
were transferred to the state of Idaho in 1925 but I have been unable to verify if they were planted in state waters or otherwise trace
what happened to these fish. Keil (1928) reported that grayling had
been caught in Henrey’s Lake and in the upper Snake River, so perhaps they were planted there. In 1927, IDFG planted 25,000 grayling
near the source of the Salmon River in the Sawtooth Basin (Keil
1928).
Federal shipments, from Yellowstone, sent to Idaho annually
from 1935 to 1948 (except 1936) totaled 2,259,113 Arctic grayling
(Leach and James 1936, 1938, 1939; Leach et al. 1941, 1942, 1943;
James et al. 1944, 1945; Meehean et al. 1952; Hagen and O'Connor
1959). During this same period (1935–1948), annual reports of the
Idaho Department of Fish and Game indicated 2,308,968 grayling
were stocked in Idaho waters (Eckert 1936; McIntyre 1938, 1939;
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Morris 1940; Beck 1942, 1944, 1946; Murray 1948). It was obvious
that these were predominately plants of federal fish because none
were planted in 1936 when no federal plants were received. Also,
federal records showed 615 sent to Idaho in 1943 (James et al. 1945),
whereas Idaho records showed 616 stocked for that year (Beck
1944). In many years there was close correspondence between the
number of fish shipped from federal hatcheries and the number
stocked by IDFG as shown in Table 17.3.
Simpson and Wallace (1982) noted that 30,000 of the grayling
planted in 1939 were released in the Snake River above Island Park
Reservoir. The introduced fish did not establish a self-perpetuating population and died out by 1946. In 1938, all of the grayling
were sent to the IDFG hatchery in Sandpoint, Idaho, and, in 1940,
250,250 grayling of 316,000 were sent there (Varley 1979). In 1944,
6,000 grayling were planted in the South Fork Payette River but
these too failed to establish a naturally reproducing population
(Simpson and Wallace 1982).
Fifty thousand arctic grayling were stocked in 1954 (Leonard
1956). In 1969–1971, 1973–1975, 1983–1984 and 1986, a total of
441,354 grayling were planted in Idaho (Woodworth 1970; Greenly
1972, 1974, 1975, 1976; Conley 1983, 1984, 1986).
From 1966 to 1973, IDFG planted grayling in about 35 high
elevation lakes in Idaho (Gebhards 1973; Simpson and Wallace
1982). Naturally reproducing populations became established in
about 5–6 of them in the panhandle region of Idaho (Simpson and
Wallace 1982).
Grayling distribution in Washington state is recorded in Figure
17.3. Arctic grayling were not indigenous to Washington. Its presence was not recorded in any early fish survey (Girard 1856; Suckley
Table 17.3

Records of numbers of Arctic grayling shipped
from federal hatcheries in comparison to the number stocked by the Idaho Department of Fish and
Game.
Shipped (Federal)

Stocked (Idaho)

Year

#

#

1935

370,000¹

370,000²

1936

0³

0²

1937

506,000⁴

500,000⁵

1938

500,300⁶

500,000⁷

1939

58,000⁶

59,480⁸

1940

316,000⁹

574,400⁸

1941

420,735¹⁰

223,692¹¹

1942

16,500¹²

10,500¹¹

1943

615¹³

616¹⁴

1944

6,100¹⁵

6,000¹⁴

1945

50,885¹⁵

50,880¹⁶

1946

1,480¹⁵

1,400¹⁷

1947

10,498¹⁵

10,000¹⁷

1948

2,000¹⁸

2,000¹⁷

References: ¹ Leach and James (1936); ²Eckert (1936); ³Leach and James
(1937); ⁴ Leach and James (1938); ⁵ McIntyre (1938); ⁶ Leach and James
(1939); ⁷ McIntyre (1939); ⁸ Morris (1940); Leach et al. (1941); ¹¹ Beck (1941);
¹² James et al. (1944); ¹³ James et al. (1945); ¹⁴ Beck (1944); ¹⁵ Meehaen et al.
(1952); ¹⁶ Beck (1946); ¹⁷ Beck (1948); ¹⁸ Meehaen et al. (1953).
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1860, 1874; Eigenmann 1895; Gilbert and Evermann 1895), checklist
of fishes (Doane 1902), or fish stocking report (Kershaw 1904).
They were first introduced to eastern Washington in 1921 at several
locations in the Yakima River Basin, Kittitas and Yakima Counties,
including: Cle Elum (n = 44,000), Fish (n = 22,000), Kachess
(n = 30,000), and Keechelus (n = 30,000) lakes, and in the North
(n = 15,000), Middle (n = 15,000), and South (n = 15,000) forks of
the Teanaway River, and the Yakima River (n = 23,000) (Dibble
and Kinney 1923). These fish were supplied to the Washington
Department of Fish and Game by the United States Bureau of
Fisheries from eggs collected in Montana (Leach 1923). The plants
did not result in any naturally reproducing grayling and none occur in the Yakima Basin at the present time (2012).
In 1936, the U.S. Bureau of Fisheries sent another shipment of
357,000 arctic grayling fry from Yellowstone National Park to a
federal facility in Spokane, Washington (Leach and James 1937).
The hatchery records for 1936 stated that 71,000 died in transit,
125,000 were planted in Lake Pend Oreille, Idaho in 1936 by the
Idaho Department of Fish and Game, 125,000 were planted in the
Little Pend Oreille lake chain, Colville River Basin, Stevens County,
Washington in 1936 by the Washington Department of Game, and
36,000 were held on station. The Spokane station records for 1937
indicated that only about ten of the fish held on station survived.
The WDFW fish stocking data base shows that 100,000 arctic grayling were planted in the Little Pend Oreille Lake chain in 1936
(WDFW stocking record No. 75318). These plants also did not result
in the establishment of any naturally reproducing populations.
In addition to these plants, the WDFW fish stocking data
base shows plants of arctic grayling at other locations in eastern
Washington: 1)12,000 in Lake Chelan in 1945 (WDFW stocking
record # 68774); 2) 25,000 in Cougar Lake, Okanogan County
(WDFW stocking record # 28968); 3) 55,000 in Granite Lake, Skagit
County in 1946 (WDFW stocking record # 52289); 4) 22,358 total
in Kings Lake, Pend Oreille County over three consecutive years
(1987–1989) (WDFW stocking records # 82272 and 82283); 5) 4,587
in Marshall Lake, Pend Oreille County in 1991 (WDFW stocking
record # 82273) and 6) 443 in McDowell Lake, Stevens County in
1991 (WDFW Fish stocking record # 84378). Arctic grayling became established at only one of these locations, Granite Lake, on
the west side of the Cascade Crest, where a small self-sustaining
population persisted to the present (Crawford 1979; Wydoski and
Whitney 2003). Crawford (1979) noted that grayling planted during the 1940s were obtained from a federal hatchery in Yellowstone
National Park. Varley (1979) recorded that 52,185 Arctic grayling
from Grebe Lake were transferred to a Washington Department
of Game Hatchery at Lake Chelan in 1945. The grayling stocked
between 1987 and 1991 were offspring of brood stock maintained
at WDFW’s Spokane hatchery, which has since been discontinued.
Arctic grayling were once indigenous to rivers in Michigan’s
Upper and Lower Peninsulas that drained into lakes Huron,
Michigan, and Superior. Clear-cut logging of Michigan’s ancient
hardwood forests began in the Lower Peninsula in about 1860 and
didn’t stop until much of the Upper Peninsula was logged off by
the 1930s. During this interval, grayling gradually disappeared as
their rivers became warm and silty (Vincent 1962; Behnke 2003).
Their demise was hastened by the introduction of non-indigenous
rainbow trout and brown trout into many of their streams (Behnke
2003). Grayling were gone from rivers on the Lower Peninsula by
about 1905 and from the Upper Peninsula by 1935. As the numbers
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of indigenous fish declined, the Michigan Department of Natural
Resources imported arctic grayling from Montana to augment
the Michigan population in an attempt to forestall extinction. It is

unknown if competition or genetic exchange between indigenous
and non-indigenous grayling contributed the eventual extinction
of the Michigan grayling in the mid-1930s.
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